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THE COCCIDIA OF MICE (MUS MUSCULUS) 


By Pror. W. L. YAKIMOFF, M.D., M.V.D., ann 
VETERINARIAN W. F. GOUSSEFF 


From the Laboratory of Parasitology, The Veterinary School, 
Leningrad, and the Institute for Veterinary Research, Witebsk 


(With 5 Figures in the Text) 


I. INTRODUCTION 


THE coccidium of mice (Mus musculus) was discovered by Eimer (1870) who 
named it Eimeria falciformis. It is round or oval. According to Reichenow 
the round oocysts measure 13-5-15y and according to Reimer (1923) 14-18-9y. 
The oval oocysts measure 13-14 x 8-9 or 16-21 «11-17. A residual body 
may, or may not, be present in the oocysts, but is present in the sporocysts. 
There is no polar granule in the oocyst. 

Since then two Coccidia have been found in the mouse: Cryptosporidium 
parvum (Tyzzer, 1912) and Eimeria muris (Galli-Valerio, 1932). The oocysts of 
E. muris measure 21 x 15 and the spores 9 x 6. There is a micropyle at the 
narrow end of the oocysts, and residual bodies are present in the spores. Galli- 
Valerio says that this species differs from E. falciformis both in shape and the 
presence of a distinct micropyle. 


II. DEscrIPTION OF NEW SPECIES 


In 1934, in White Russia (Rayon Polotzk and Gomel), we examined 
twenty house-mice (Mus musculus) and found eight (40%) of them infected 
with Coccidia of five species. We put the oocysts into a solution of potassium 
bichromate until the sporozoites developed. The following descriptions are of 
the ripe oocysts. 

Species I. This species was found in one mouse. The oocysts were few. They 
were round and the envelope smooth. They measured 20-74 — 25-60u. There 
were four broad, oval spores in each oocyst. Residual bodies, or polar granules 
were not present in the oocyst. The presence of a residual body in the sporo- 
cysts was uncertain. These oocysts were very similar to Eimeria falciformis 
but twice as large as this species. We regard them as a new species and propose 
to name it E. musculi n.sp. 

Species II. This species was found in one mouse. The oocysts were cylin- 
drical, colourless, with a smooth envelope. They measured 18-3-24-0-26-0p x 
14-64-15-5y; the form index being 1 : 0-54-0-65. Four oval spores developed 
in the oocyst. No residual body or polar granule remained in the oocyst 
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after sporulation. The presence of a residual body in the sporocysts was 
uncertain. We regard this coccidium as a new species and we name it 
E. schiiffneri in honour of Prof. W. A. Schiiffner. 

Species III. This species was found in seven mice. The oocysts were oval 
and colourless or yellowish. There was no micropyle and the envelope was 


Fig. 1. Eimeria musculi n.sp. 
Fig. 2. Eimeria schiiffneri n.sp. 
Fig. 3. Eimeria krijgsmanni n.sp. 
Fig. 4. Eimeria keilini n.sp. 

Fig. 5. Eimeria hindlei n.sp. 


smooth. They measured 18-3-23-18 x 13-42-15-86 with an average of 
21-9x 14-84. The form index was 1: 0-61-0-86 with an average of 1: 0-73. 
The oocysts developed four oval spores. A polar granule was present in the 
oocyst after sporulation but no residual body. We were unable to discover 
whether the sporocysts had residual bodies. We propose to name this new 
species E. krijgsmanni n.sp. in honour of Dr B. J. Krijgsmann. 

Species IV. We found this coccidium in one mouse. The oocysts were 
yellowish, oval and pointed at both ends. The envelope was smooth and there 
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was no micropyle. The oocysts measured 24-40-31-72u and 17-98-20-74p, 
with an average of 28-84 x 19-38. The form index was 1 : 0-58-0-85 with an 
average of 1 : 0-65. 

The oocysts developed four round sporoblasts and these produced spores 
measuring 12-2 x 6-1u. No residual body nor polar granule was present in the 
oocyst. We could not distinguish any residual bodies in the sporocysts. We 
name this new species Z. keilini in honour of Prof. D. Keilin. 

Species V. This species was found in one mouse. It was oviform and without 
any micropyle. The envelope was smooth. The oocysts measured 21-96-26-84 x 
18-30-20-74.. The form index was 1: 0-72-0-84. The oocyst developed 
four oval spores. There was no residual body but a polar granule was present. 
We could not find residual bodies in the sporocysts. We name this new species 
E. hindlei in honour of Prof. E. Hindle. 

We never encountered E£. falciformis Eimer, 1870 in mice in White Russia. 
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I. INTRODUCTION 


In progenesis, as defined by Giard (1887), the sexual reproduction of an animal 
takes place in a more or less precocious manner, i.e. the sexual products (eggs 
or spermatozoa) are formed and become mature before the individual has 
reached its complete development. Among digenetic trematodes instances of 
this phenomenon are relatively few. Examples of those which develop pre- 
cociously as metacercariae in the intermediate hosts are Pleurogenes medians 
(Olsson) in larvae of Chironomus sp., Ephemerides sp., Libellula sp., Aeschna sp., 
Acilius sulcatus, Dytiscus marginalis, Gammarus pulex and Asellus aquaticus ; 
Ratza parva (Stossich) in Rana esculenta, Discoglossus victus, etc.; Astacotrema 
cirrigerum (von Baer) in Potamobius astacus; Astacotrema tuberculatum (Zawa- 
dowsky) in Astacus leptodactylus; Lecithodendrium chilostomum (Mehlis) in 
Phryganea; Derogenes varicus (O. F. Miiller) in Sagitta; Coitocaecum anaspidis 
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Hickman in Anaspides tasmaniae, Gammarus sp., and other flukes. Two other 
trematodes which have their progenetic metacercariae developed in the snails 
are a species belonging to the family Lepodermatidae observed by Dollfus 
(1932) and Clinostomum sp. reported by McIntosh (1935). 

The present paper deals with another trematode which exhibits its pre- 
cocious genital activity as a metacercaria in the fresh-water shrimps, Palaemon 
asperulus von Marten and P. nipponensis de Haan. These crustaceans were 
collected from the endemic region of Paragonimiasis at Huchow, Chekiang, 
the vicinity of Soochow, Kiangsu and the environs of Chengtu, Szechuan, 
China. The liver and genital gland of the crustaceans (PI. I, fig. 1) are infected 
with an encysted trematode belonging to the genus Phyllodistomum Braun 
(1899), subfamily Gorgoderinae Looss (1899), family Gorgoderidae Looss (1901). 

The trematode appears to represent a new species, and the name Phyllo- 
distomum lesteri is proposed in honour of the late Mr Henry Lester, the founder 
of the Institute of Medical Research of that name. 


II. CLassiFICATION 
(a) General characters of Gorgoderidae and Gorgoderinae 


Trematodes belonging to the family Gorgoderidae are characterized by 
having their bodies generally divided into two regions, the pre-acetabular 
being narrow and mobile and the post-acetabular broad and flattened. The 
cuticula are usually smooth. The intestine is simple and not ramified. The 
genital pore is median and pre-acetabular. The testes are usually oblique to 
each other, inter-caecal or extra-caecal. The ovary is pre-testicular. The 
vitellaria are paired and post-acetabular. The uteri are of many coils and 
located in the post-acetabular region. The eggs are relatively small and numerous 
without filaments. The adults are found in the urinary duct or urinary bladder 
of fishes, amphibians and reptiles. 

The family consists of two subfamilies, Gorgoderinae and Anaporrhutinae 
Looss. The Gorgoderinae have the following subfamily characters. The pharynx 
is absent. The testes are two or nine, compact or lobed and situated behind the 
vitellaria. The ovary is lateral and generally located posterior to the vitellaria. 
The seminal receptacle is absent, but a portion of the oviduct inflates forming 
the fertilization space. Laurer’s canal is always present. The vitellaria are 
usually moderately compact. The eggs are generally operculate. The mature 
worms are found in the ureter and urinary bladder of fishes and amphibians. 

This subfamily contains six genera: Gorgodera Looss (1899), Gorgoderina 
Looss (1902), Phyllodistomum Braun, Xystretrum Linton (1910), Macia Travassos 
(1922) and Dendrorchis Travassos (1926). 


(b) Synonymy of the genus Phyllodistomum 
Phyllodistomum was created by Braun (1899), who grouped all the known 
flukes from the urinary bladders of the different cold-blooded vertebrates into 
a single genus with Distomum folium as type without stating the characters 
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of the genus. In the same year Looss (1899) established two genera, Spathidium 
and Gorgodera, but three years later he suppressed the former as a synonym 
of Phyllodistomum and characterized it in these words (Looss, 1902): “ Gorgo- 
derinen mit bfattartig verbreitertem Hinterkérper und einfachén, schrag hinter 
einander gelegenen Hoden. In der Harnblase von Fischen und Amphibien, 
Typus: Ph. folium v. Olf.” 

Odhner (1902) established the genus Catoptroides, but Looss (1902) first 
stated its characters. These trematodes were considered different from phyllo- 
distomes in having their bodies sharply divided into two regions by a groove 
and strongly developed musculature. These characters are now proved to be 
invalid, as they are dependent upon the state of contraction of the worm. The 
generic name Catoptroides has to be a synonym of Phyllodistomum. 

Ozaki (1926) created the genus Microlecithus, but Yamaguti (1934) regarded 
it as a synonym of Phyllodistomum. The writer agrees with the latter’s con- 
tention that “Ozaki’s description is based on a series of sections and a whole 
mount undoubtedly flattened under a cover-slip and consequently subjected 
to artificial disfigurement”’. 

Nybelin (1926), Holl (1929) and recently Lewis (1935) are the three 
important workers who have dealt mainly with the taxonomy of the genus 
Phyllodistomum. 

(c) Generic diagnosis 
Phyllodistomum Braun, emend. 
Syn. Spathidium Looss, Catoptroides Odhner, Microlecithus Ozaki. 

Gorgoderinae: Body usually spatulate; cuticula with or without spines. 
Ventral sucker usually larger than oral. Intestinal crura separate posteriorly. 
Genital pore varying slightly in position; genital atrium generally present. 
Testes two, slightly or deeply lobed, somewhat oblique, that on ovarian side 
being more posterior. Vas deferens long, seminal vesicle conspicuous, pars 
prostatica and ductus ejaculatorius generally short and inconspicuous. Ovary 
entire or slightly lobed, usually posterior or lateral to vitellaria, rarely anterior. 
Oviduct relatively long, arising from dorsum of ovary. Fertilization space 
generally evident. Laurer’s canal usually paralleling vitelline duct on side 
opposite to ovary and commonly opening to exterior. Mehlis gland present 
but not distinct. Ootype arching posteriorly and becoming the descending 
uterus. Metraterm large and distinct. Vitellaria compact or lobed; common 
vitelline duct very short. Eggs in various stages of development. Excretory 
vesicle Y-shaped; pore usually subterminal and dorsal. 

Type species: Phyllodistomum folium (v. Olfers) Braun, 1899. Other 28 
species: P. patellare (Sturges, 1897) Braun, 1899 (syn. P. entercolpium Holl, 
1930),1 P. acceptum Looss (1901), P. conostomum (Olsson, 1876) Looss (1902), 
P. linguale Odhner (1902), P. unicum Odhner (1902), P. spatula Odhner (1902), 
P. spatulaeformis Odhner (1902), P. americanum Osborn (1903), P. superbum 
Stafford (1904), P. angulatus v. Linstow (1907), P. fausti Pearse (1924), 


1 Synonyms determined by descriptions and specimens. 
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P. staffordi Pearse (1924) (syn. P. carolint Holl 1929,1 Catoptroides hunteri 
Arnold 1934),? P. simile Nybelin (1926), P. pseudofolium Nybelin (1926), 
P. megalorchis Nybelin (1926), P. elongatum Nybelin (1926), P. kajika (Ozaki, 
1926), P. pearset Holl (1929), P. marinum Layman (1930), P. lacustri (Loewen, 
1929), P. parasiluri Yamaguti (1934), P. mogrundae Yamaguti (1934), P. 
macrobrachicola Yamaguti (1934), P. lohrenzi (Loewen, 1935), P. singulare 
Lynch (1936), P. catostomi sp.nov.,’ P. cotti sp.nov.,? P. umbrae sp.nov.* 


(d) Specific diagnosis 
Phyllodistomum lesteri sp.nov. 


Phyllodistomum: Body somewhat spatulate; cuticle spinose. Oral sucker 
smaller than ventral. Oesophagus subequal to the length of oral sucker. 
Intestinal caeca sacculate when living, extending to near posterior end of body. 
Genital atrium in about mid-region between bifurcation of intestine and 
anterior border of ventral sucker. Testes smooth or moderately lobed ; anterior 
testis smaller than posterior. Ovary generally smooth; posterior to vitellaria. 
Vitellaria elongate and compact. Uterus extending slightly beyond intestinal 
caeca. Eggs operculate. Bifurcation of excretory vesicle near anterior margin 
of ovary; pore dorsal, subterminal. Metacercariae in liver and sex glands 
(testes or ovaries) of fresh-water shrimps; adults and final hosts unknown. 

Secondary hosts: Palaemon asperulus von Marten and P. nipponensis de 
Haan. 

Localities: Huchow, Chekiang; Soochow, Kiangsu; Chengtu, Szechuan, 
China. 

Type specimen: Cat. No. 36, Parasitology Laboratories, Division of Patho- 
logical Sciences, Henry Lester Institute of Medical Research; paratypes in the 
author’s collection. 


III. Description 


The flukes occurring in the fresh-water shrimps in China were first reported 
by Du (1930) who secured the specimens at Chengtu and its environs, Szechuan. 
Andrews (1933) assigned the trematode to the genus Phyllodistomum and made 
a description of the same material. The present study is largely based upon 
Huchow and Soochow material including 61 specimens coming from Szechuan. 
Du stated that the percentage of infestation of the river and stream shrimps 
at Chengtu was 40-6. In our survey 100 Huchow specimens collected in 
October 1935 showed the percentage of infection to be 16 and in a similar 
number of Soochow specimens secured from January to August 1936 the 
infection was 21. The number of phyllodistomes infesting each shrimp is 
variable. In the liver 1-10 flukes can be obtained, while in the genital glands 
as many as 47 may be found. 


1 Synonyms determined by descriptions and specimens. 
? Synonyms determined by descriptions only. 
3 New species found among the fresh-water fishes in Michigan, U.S.A. 
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(a) Encysted metacercariae 


The worms are encysted both in the immature and the mature stages. 
In the liver of a shrimp both stages are present, but in the genital glands only 
the immature stage occurs. Other parts of the body of the host are so far 
found free from infection. 

Encysted metacercariae in the liver are represented in various stages of 
development from the minute immature to the large mature ones. The cysts 
are found inside the tissues and are barely visible from outside (PI. II, fig. 1). 
A mature cyst is generally oval in shape (PI. I, fig. 2), whitish in colour. In 
cross-sections the cyst wall measures 0-021-0-025.1 It consists of three layers, 
external, middle and inner. The external cyst wall is whitish and membranous. 
The surface is covered with many whitish thin filaments about 0-9 x 0-25. 
Inside the filaments are many vacuoles 0-012-0-016 in diameter. These filaments 
are light and are loosely attached to the external layer. The middle layer is 
fibrous and elastic, and in older cysts the colour turns reddish brown. The 
inner layer is very thin but can be demonstrated in sections (PI. II, fig. 2). 
Nineteen mature cysts measure 1-6-3-3 x 1-0-2-7, av. 2-7-1-9. 

Metacercariae within the cysts are doubled on themselves with the oral 
suckers in contact with the discoidal portion of their bodies. Excystment of 
the worms is produced by making punctures in the cyst walls. There seems to © 
be no tendency for their escape from the cysts by themselves. Those shrimps 
preserved in ice for 4-5 days usually have their livers degenerated. In such 
cases the cysts are broken down and the worms crawl out of the tissue without 
external pressure. 

Encysted metacercariae in the genital glands of shrimps are much smaller 
and more active. The cyst attaches itself to the inside of the glands (PI. I, fig. 3). 
It is generally roundish but since the worm is constantly moving inside it can 
not have a fixed shape. The cyst wall is whitish and membranous, consisting of a 
single layer. With slight pressure on the cyst wall the worm is set free from the 
genital organ (PI. I, fig. 4). 


(b) Excysted metacercariae 
(1) External features. 

A conspicuous character of an excysted metacercaria, mature and im- 
mature, is its slipperiness when placed under a cover-slip. The paired vitellaria 
stand out prominently and can be discerned with the naked eye. The excretory 
vesicle is also easily distinguished. Under pressure a whitish albuminoid fluid 
flows out of the body of the worm. These secretions are most likely originated 
from the sex glands of the parasite. 

Living metacercariae are pinkish in colour and are capable of considerable 
extension, especially in the neck regions. They assume several shapes, cylindrical, 
lanceolate and spatulate, but in most fixed specimens they are somewhat 


1 All measurements in millimetres. 
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Text-fig. 1. Mature specimen with compact testes from liver of a shrimp. (Drawings were made 
with the aid of camera lucida except Text-fig. 6. All deal with Phyllodistomum lesteri sp.nov.) 

Text-fig. 2. A living immature specimen from the genital gland of a shrimp showing the excretory 
vesicle, cuticular spines, etc. 

Text-fig. 3. Mature specimen with lobed testes from liver of a shrimp. O.S. oral sucker; V.S. 
ventral sucker; Oe. oesophagus; nt. intestine; Ov. ovary; Vit. vitellaria; Ut. uterus; 7'.,, 7'., 
testes; S.V. seminal vesicle; Ex.V. excretory vesicle. 

Text-fig. 4. Immature specimen with lobed testes from genital gland of a shrimp. 

Text-fig. 5. Immature specimen with compact testes from genital gland of a shrimp. 
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spatulate. Pigment granules are sometimes present along the body margins 
(Pl. II, fig. 3). ; 

The size of excysted metacercariae from the liver of shrimps is very variable 
but those from the genital glands are of relatively similar dimensions. Measure- 
ments of 16 stained mature specimens from the liver are: body size 3-5-5-9 
x 1-8-2-9, av. 4-6 2-2; oral sucker 0-38-0-64 x 0:33-0:67, av. 0-54 x 0-49; 
ventral sucker 0-57—0-95 x 0-59-1-0, av. 0-72 x 0-75; anterior testis 0-45-0-77 
x 0:54-0-86, av. 0-63 x 0-69; posterior testis 0-54-1-08 x 0-52-0-86, av. 0-75 
x 0-70; ovary 0-24-0-51 x 0-29-0-50, av. 0-37 x 0-39; left vitellaria av. 0-33 
x 0-19, right vitellaria av. 0-30x0-19; eggs 0-029-0-062 x 0-025-0-033, av. 
0-050 x 0-027 (Text-figs. 1, 3). 


2 


Text-fig. 6. Arrangement of scale-like spines on the cuticula. 


Measurements of 15 stained young specimens (without eggs) from the liver 
are: body size 1-9-5-3 x 0-7—-4-7, av. 3-3 x 1-7; oral sucker 0-16-0-59 x 0-17-0-57, 
av. 0-37 x 0-35; ventral sucker 0-29-0-73 x 0-24-0-76, av. 0-47 x 0-48; anterior 
testis 0-10-0-70 x 0-10-0-79, av. 0-33 x 0-34; posterior testis 0-12-0-86 x 0-10- 
0-72, av. 0-33 x 0-38; ovary 0-09-0-39 x 0-08-0-41, av. 0-22 x 0-22; left vitellaria 
av. 0-16 x 0-23, right vitellaria av. 0-12 x 0-20. 

Average measurements of 10 stained immature specimens from the genital 
organs are: body size 1-9 x 0-78; oral sucker 0-19 x 0-19; ventral sucker 0-27 
x 0-27; anterior testis 0-13 x 0-13; posterior testis 0-14 x 0-14; ovary 0-08 x 0-08; 
left vitellaria 0-05 x 0-02; right vitellaria 0-10 x 0-06 (Text-figs. 4, 5). 

The surface of the cuticula is covered by numerous scale-like spines arranged 
in a quincunx pattern. Occasionally along a row of scales there arises a peculiar 
projection made of several scales like a mound (Text-fig. 6; Pl. III, fig. 1). 
These projections are peculiarly noticeable along the body margin. In one 
specimen as many as 19 have been counted on one side. Each projection is 
about 0-011 wide at the base and 0-0048 high. 

Anteriorly the spines are thickly set and can also be seen in preserved 
material. Posteriorly the spines decrease in number and they measure in 
average length 0-008. 


(2) Digestive system. 
The oral sucker is situated at the anterior extremity; its orifice being 
subterminal on the ventral side. It is a little smaller than the ventral sucker. 
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The latter is well developed and muscular, its outline being roughly circular. 
It is generally situated in the anterior half of the body. In both suckers there 
are four small papilla-like structures in their respective cavities. These are 
spherical and are located immediately below the mouth of the suckers equi- 
distant and opposite to each other (Text-figs. 7, 8; Pl. III, fig. 2). They measure 
about 0-03 in diameter and are present in both immature and mature specimens. 

The oesophagus is slender, its length being subequal to that of the oral 
sucker. In a fresh immature specimen more than two oesophageal glands can 
be seen on both sides of the oesophagus. Bifurcation of the intestine occurs 
at the anterior half of the body, and the crura extend to near the caudal end 


Text-fig. 7. Mouth of an oral sucker showing the four papilla-like structure. 
Text-fig. 8. Mouth of a ventral sucker showing the four papilla-like structure. 


of the body following the course of the body margins. In all of the specimens 
the caeca are relatively wide and are filled with digested food material. The 
intestinal wall is thin and slightly irregular in fixed specimens, but in fresh 
material the wall is generally sacculate, particularly in the discoidal portion 
of the body. , 


(3) Muscular system. 

This new trematode has very well-developed musculature, as it is fleshy to 
the touch. The body wall consists of three layers of muscle fibres as usually 
found among Trematoda. They are the outer circular, the inner diagonal and, 
between the two, the longitudinal. The diagonal fibres are arranged in pairs 
and are in intimate contact. Below this layer various glands or cells including 
myoblasts are seen, but they will not be described here. 


(4) Reproductive system. 

There is no cirrus pouch, cirrus nor seminal receptacle, the latter being an 
enlargement of a portion of the oviduct called the fertilization space. 

(i) The male organs. The testes are generally two slightly lobed bodies 
situated intra-caecally and obliquely to each other in the discoidal portion of 
the body. In some specimens, both mature and immature, the testes are, 
however, perfectly smooth (Text-figs. 1, 5), indicating that there may be 
another species. The writer, however, contends that one character alone is 
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not sufficient for the creation of another species. The size of the caudal testis 
is slightly greater than that of the anterior one. ; 

Both vasa efferentia take their origin from the anterior portion of the 
respective testis on the dorsal surface. They are united together into a single 
vas deferens anterior to the ventral sucker. The vas deferens is connected to 
the irregular and sac-like seminal vesicle which is about 0-34 x 0-36 and is 
situated on the ventral side of the body. At the anterior margin of the vesicle 
it turns abruptly posteriad forming a short and narrow pars prostatica. The 
latter is followed by a ductus ejaculatorius which opens into the genital atrium. 
The atrium is about midway between the bifurcation of the intestine and the 
anterior border of the ventral sucker. Many spermatozoa can sometimes be 
seen around the edge of the atrium (Text-fig. 9). 


0-4 mm. 
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Text-fig. 9. Male end-organs. V.D. vas deferens; S.V. seminal vesicle; P.P. pars prostatica; 
D.E. ductus ejaculatorius; Me. metraterm; G.A. genital atrium; op genital pore. 


Malformations: Certain malformations have been observed in some of the 
mature flukes. One fluke had no anterior testis and the posterior one was much 
larger than normal. Another specimen showed that the posterior testis lay 
extra-caecally. 

(ii) The female organs. The ovary is situated intra-caecally below one of the 
vitelline glands and slightly oblique to the anterior testis. In rare instances 
the ovary of an immature specimen is lateral to a vitelline gland and situated 
slightly outside of the intestine. This shift of position is probably due to the 
state of fixation of the worm. The ovary is roughly spherical in shape generally 
with an entire margin. Occasionally the ovary is slightly notched in immature 
specimens. Sexual amphitypy occurs in this species of trematode. The ovaries 
lie more often upon the right side than upon the left. 

The oviduct issues from the dorsum of the ovary, and in its course toward 
the middle of the body a portion of the duct swells slightly forming the 
fertilization space. The duct receives Laurer’s canal from its opposite side and 
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is connected by a short common vitelline duct. Laurer’s canal is relatively 
long and turns anteriad, opening on the dorsal side of the body. The opening is 
generally located between the vitelline gland and the posterior border of the 
ventral sucker. Mehlis’ glands are present but not distinct. The ootype arches 
posteriorly to form the much-coiled descending uterus in the discoidal portion 
of the body. The uterus is generally confined between the intestinal crura and 
does not reach the body margin. The ascending uterus passes through the 
ventral sucker and gradually enlarges into the thick-walled metraterm. The 
latter leads into a spacious genital atrium. 

The paired vitellaria are very conspicuous structures situated below the 
ventral sucker. They are transversely elongate and always smooth in margin. 
They are united by a short common vitelline duct. 

The eggs are colourless and elongate or oval in shape. The egg shell is 
modified at one end to form an operculum (PI. III, fig. 3). The number of eggs 
in mature or progenetic metacercariae is very variable. Of 52 specimens 
examined the range in the number of eggs is 1 to 116, averaging 30. In some 
flukes the entire uterus is filled with eggs which makes counting impossible 
(Pl. II, fig. 4). Among 300 specimens examined no egg was found in the 
metraterm. Practically all eggs contain the developing miracidia surrounded by 
yolk cells at both ends (PI. ITI, fig. 4). Movement of miracidia in the eggs have 
not been seen, and up to the present hatching of the eggs has not been observed. 


(5) Excretory system. 

The excretory vesicle is definitely Y-shaped as clearly demonstrated in 
practically every fresh specimen (Text-fig. 2). The tubular vesicle takes a 
somewhat curved course towards the anterior end of the body. It is situated 
on the ventral side of the body and bifurcates near the anterior margin of the 
ovary. The two tubules pass through the respective vitellaria and go around 
the ventral sucker. Several convolutions of ascending and descending secondary 
tubules are distinctly visible on the antero-lateral side of the acetabulum. The 
excretory pore is located subterminally on the dorsal side of the body. A little 
above the pore are two small oval bodies. During the contraction of the vesicle 
a slight notch is produced at the posterior end of the body. Evidently the 
presence or absence of this posterior notch in the species is not a valid 
character. 

In fixed preparations the vesicle becomes slender but it expands a little, 
forming a bulb-like region immediately anterior to the excretory pore. Between 
the bulb-like region and the pore lies the sphincter surrounding the vesicle. 
Bifurcation of the vesicle has not been seen. 


(6) Comparison with other species. 
The present species although represented by a progenetic metacercaria has 


practically all the adult characters of an ordinary digenetic trematode. Adults 
of this species may be found later with greater genital activity. 
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Phyllodistomum lesteri sp.nov. resembles P. folium described by Looss 
(1894) more closely than any other members of the genus. The new species 
differs from the latter chiefly in that the body size is twice as large, the vitellaria 
are transversely elongate without indentation, the size of eggs is twice as great 
and the cuticula are covered with spines. The last character is important 
because among all the known phyllodistomes the cuticula are reported aspinose 
except P. marinum and P. cotti, sp.nov., the description of which is not yet 
published. 


IV. INFECTION EXPERIMENTS 


The final hosts of all known phyllodistomes are fishes and amphibians 
(salamanders and frogs). The situation of the flukes is practically restricted 
to the urinary ducts or urinary bladders of the hosts. With a view to finding 
the adults of the present species, eight feeding experiments have been conducted 
on two species of fresh-water fishes, Odontobutis obscura (Tem. & Schl.) and 
Pelteobagrus fulvidraco (Richardson), and one species of toad, Bufo bufo asiaticus. 
These animals were obtained in the neighbourhood of Shanghai and believed 
to be free from infection with the present species. They are commonly seen in 
the endemic region of Huchow where the infested crustaceans were collected. 
So far the writer has not had an opportunity to collect and examine the fishes 
and amphibians of that region. The following is a brief account of the eight 
experiments. 


(1) On 24 March 1936 4 encysted phyllodistomes collected from the liver of shrimps were 
fed to Odontobutis obscura. Fifteen days later the fish was examined but no phyllodistomes 
were found. 

(2) On 9 April 1936 27 cysts obtained from the liver and genital glands were again fed 
to O. obscura. A week later the fish was examined and 4 dead phyllodistomes of the liver 
were found in the intestine. 

(3) On 28 April 1936 8 encysted metacercariae obtained from the genital organs were fed 
to the toad. Nine days later an examination was made of this host, but the result was 
negative. 

(4) On 11 May 1936 10 encysted metacercariae taken out from the liver of shrimps were 
fed to another species of fish, Pelteobagrus fulvidraco. On 6 July the fish was examined, but 
no phyllodistomes could be found. 

(5) On 11 May 1936 16 cysts collected from the genital glands were again fed to this species 
of fish. Twelve days after the fish was killed. Sixteen cysts tinted with gastric juice were 
found in the stomach and contained the residue of the digested worms. 

(6) On 15 May 1936 4 encysted phyllodistomes obtained from the liver of the host were 
fed to a toad. On 29 May the animal was examined but the finding was again negative. 

(7) On 19 May 1936 a toad was fed with 2 excysted phyllodistomes collected from the 
liver of shrimps. Three days later the worms were recovered in the “duodenum” tinted with 
bile. 

(8) On the same day another toad was infected with 16 immature metacercariae from 
the genital organs. On 1 August the animal was examined, only some debris was noticed in 
its urinary bladder. 


The foregoing experiments suggest that these animals are not the normal 
final hosts of Phyllodistomum lesteri sp.nov. 
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V. GENERAL DISCUSSION 


The facts presented in the preceding sections give rise to two questions. 
First, does Phyllodistomum lesteri need a final host to complete its life cycle? 
Secondly, what is the justification for naming the species as new before the 
adults have been obtained? 

Joyeux et al. (1930) discussed at length the genital activity of two progenetic 
metacercariae, Plewrogenes medians and Ratzia parva. They consider that 
between the two species there are profound differences in their development. 
In order to find out whether a final host of Phyllodistomum lesteri is necessary 
or not, comparisons on the genital activities of these three species are presented 
below. 

(1) Degree of progenesis. According to Joyeux et al. the metacercaria is not 
always progenetic in Pleurogenes medians and it exhibits this phenomenon only 
when the host is under favourable conditions. In Ratzia parva the metacercaria 
always produces eggs and progenesis of this species is “an absolutely normal 
process”. 

In Phyllodistomum lesteri, the metacercariae are represented in different 
stages of development. Those occurring in the liver of shrimps havea great range 
of sizes varying from the minute immature forms to the large mature ones. To 
the latter practically all the progenetic metacercariae belong. Metacercariae 
encysted in the genital glands of the hosts are all immature specimens and 
consequently none of them have produced any eggs. Infested shrimps in the 
endemic regions were collected all the year round. Practically in each host 
examined there were one or more progenetic metacercariae in this species. 
So it seems that environment does not play any part in the causation of 
progenesis in P. lesteri. 

(2) Number of eggs. In Pleurogenes medians the number of eggs produced 
by the progenetic metacercariae is small, the maximum being 30. With Ratzia 
parva no such difference exists. The number of eggs in the progenetic meta- 
cercariae is just as great as that in the adults. 

With regard to Phyllodistomum lesteri the number of eggs generally varies 
from 1 to 116 in a progenetic metacercaria. In a few specimens, however, 
almost the entire uteri are packed with eggs, and if they reach the adult stages 
it will probably be difficult to ascertain differences in the numbers of eggs 
between the metacercariae and adults. 

(3) Laying of eggs. It is reported that the egg-laying process does not take 
place in the progenetic metacercariae of Pleurogenes medians. In Ratzia parva 
the situation is, however, the reverse, as the expulsion of eggs through the 
genital pore of the encysted form is normal. Such eggs are also found in the 
cysts waiting to be liberated through the rupture of the cyst wall. 

In Phyllodistomum lesteri the eggs are confined to the post-acetabular region 
of the body, and so far none have been found in the metraterm. Although 
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there is great activity in the movement of eggs in the uterus, the egg-laying 
process has not been observed and no eggs have been found in the cysts. 

Judging from the above, Phyllodistomum lesteri and Pleurogenes medians 
have several similarities in the behaviour of their eggs. According to Joyeux 
et al. the passage of P. medians through a final host is apparently indispensable 
to assure the reproduction of the species. It may be logical to assume that the 
metacercaria of Phyllodistomum lesteri also requires a final host although this 
is still unknown. | 

Whether a final host is necessary for Ratzia parva was left undecided by 
Joyeux et al. They failed to infect molluscs with the miracidia from the meta- 
cercariae, while miracidia of the adults did produce the infection under the 
same condition. Dollfus (1929) states that it has not been possible to establish 
whether miracidia of these progenetic metacercariae contain any germinal 
elements and are capable of infecting the molluscs. 

Hickman (1934) reported that in Coitocaecum anaspidis two conspicuous 
germinal bodies occurred on each side of the posterior third of the miracidium. 
When these miracidia were transferred to water containing two small gastropods, 
the former made no attempt to penetrate them. He suggested that the inter- 
mediate host might not be a fresh-water snail. So up to the present we still 
have no definite proof that there is an abridged life cycle or omission of a final 
host in the life history of a digenetic trematode. 

The next question as to the justification of naming Phyllodistomum lesteri 
as a new species is an interesting topic. Generally it is considered risky and 
improper to make specific determination of a metacercaria. The reason is 
simple because there may be structural changes when the metacercaria be- 
comes an adult. In the present form the metacercaria is, however, progenetic 
and possesses practically all the adult characters. In this connexion it will be 
well to compare this species with the two progenetic metacercariae, Pleurogenes 
medians and Ratzia parva, the adult stages of which are known. 

Mathias (1924) obtained, experimentally, adults of Plewrogenes medians in 
Ranatemporaria and Hyla arborea. He did not mention any structural differences 
between the excysted metacercariae and the adults of this trematode. Joyeux 
et al. (1930) repeated the life history studies of this species, and regarding the 
development of the metacercariae in the final host they stated: “Une méta- 
cercaire non progénétique donne un adulte expulsant des ceufs en 11 4 19 jours 
aprés absorption par la grenouille. Les métacercaires progénétiques peuvent 
aussi parfaitement se transformer en adultes dans l’intestin du batracien. 
Le nombre d’ceufs augmente dans |’utérus au bout de 6 4 8 jours; en 15 4 18 
jours cet organe en est complétement rempli et les expulse.” They did not speak 
of any morphological differences between the progenetic metacercaria and the 
adult of Plewrogenes medians. The latter was reported to have more eggs in the 
uterus, but the structure of eggs was the same in both stages. 

In the same paper Joyeux et al. also reported the development of progenetic 
metacercariae of Ratzia parva in the final hosts which belong to several species 
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of snakes. They stated: “Dans ces kystes, les trématodes sont bien formés, ils 
ont la structure d’un ver adulte.” Dollfus (1929), however, considers that there 
are distinct differences between the progenetic metacercariae and the true 
adults of R. parvae. He states that the major differences lie in the rather 
voluminous seminal receptacle and the bipartite external seminal vesicle in 
the adults. Minor differences are that the cuticular spines of the progenetic 
metacercariae are not present in the adults but are represented by very fine 
punctuations. Furthermore, the excretory vesicle which is very big in the 
metacercaria is smaller in the adult. 

In comparison with the present form, Phyllodistomum lesteri, it is so far 
known that the seminal receptacle and external seminal vesicle are absent 
among all described phyllodistomes. It may be true that other variations will 
‘occur in the structure of the adult, but the writer conceives that these deviations 
will not be as pronounced as those found in Ratzia parva. The suggested 
explanation is that the progenetic metacercaria of Phyllodistomum lesteri 
possesses practically all the morphological characters of an adult phyllodistome 
with the known exceptions that in the metacercaria stage the discharge of 
eggs is not observed and probably the miracidia inside do not function normally. 

As far as the writer could ascertain from the description of known phyllo- 
distomes or the actual specimens, the present form seems to be different from 
all of them. The differences are so marked that he favours the idea of creating 
another species pending further investigation. 


VI. Summary 


1. A progenetic metacercaria of Phyllodistomum lesteri sp.nov. is found 
encysted in the fresh-water shrimps, Palaemon asperulus von Marten and 
P. nipponensis de Haan. 

2. A systematic description is made of this new species including general 
characteristics of the family, subfamily and genus and a list of the existing 
29 phyllodistomes. 

3. In general, the new form resembles Plewrogenes medians with regard to 
its progenetic development. 

4. Feeding experiments suggest that two species of fish, Odontobutis obscura 
and Pelteobagrus fulvidraco, and a species of toad, Bufo bufo asiaticus, are not 
the final hosts of Phyllodistomum lesteri sp.nov. 
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EXPLANATION OF PLATES J-Ill 
All deal with Phyllodistomum lesteri sp.nov. 
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Fig. 1. Aninfected shrimp, Palaemon asperulus, showing location of the helminth. Full scale =5cm. 
Fig. 2. Two Phyllodistomum cysts removed from the liver of a shrimp. x 34, full scale=1 mm. 
Fig. 3. Several cysts inside the ovary of a shrimp. x 8-5, full scale=1 cm. 

Fig. 4. An immature phyllodistome pressed out of its cyst. x46, full scale=2 mm. 
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Fig. 1. Section of the liver of an infected shrimp showing the encysted phyllodistomes. x 24, 
full scale=2 mm. 

Fig. 2. Section of a cyst wall showing its inner layer. x 182, full scale=0-3 mm. 

Fig. 3. A stained young or non-progenetic metacercaria showing the pigment granules along the 
body margin. Ventral view. x 20, full scale=2 mm. 

Fig. 4. A stained mature or progenetic metacercaria showing its uterus packed with eggs. Ventral 
view. x 26, full scale=2 mm. 

PLATE Ill 

Fig. 1. Frontal section of a fluke showing the cuticular spines. x 630, full scale=0-13 mm. 

Fig. 2. Mouth cavity of a ventral sucker showing the four papilla-like structure. x 550, full 
size =0-1 mm. 

Fig. 3. A living egg showing its operculum at the anterior end. x 1414, full scale=0-04 mm. 

Fig. 4. Several living eggs in the uterus of a worm showing the developing miracidia inside. 
x 270, full scale =0-2 mm. 
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I. InTRODUCTION 


THE interesting and widely distributed chalcid, Ewpelmella vesicularis Retzius, 
has been recorded as parasitic upon a considerable range of insect hosts, but 
only the briefest mention, and that very inexact, has been made of its biology 
or exact relation with its hosts. While working on the parasites of saw-flies in 
Central Europe the writer found this insect playing the unusual and interesting 
role of predator upon the larvae of another chalcid, Microplectron fuscipennis 
Zett., itself a primary parasite of the pine saw-fly, Diprion sertifer Geoffr. The 
undoubted preference for this host, the biology, and the adaptations of the 
various stages for this peculiar mode of life make up the substance of the 
following short paper. 


II. DistRIBUTION AND HOSTS 


According to the literature, this species has a wide distribution. In Europe 
it occurs in the British Isles and on the Continent from Sweden to Italy. In 
North America it is widespread in the United States and there are specimens in 
the museum in Ottawa. It has been recorded from a large number of host 
insects—Diptera, Coleoptera, Hymenoptera, Lepidoptera, Homoptera, and 
Orthoptera. Gahan (1933) in dealing with this insect as a primary parasite of 
the Hessian fly gives a full list of hosts as well as a review of the literature and 
description of the adult female. It is unnecessary to repeat these here. There is 
only one record from pine saw-flies, by Scheidter (1934), who obtained it from 
cocoons of Diprion pint in Bavaria. 
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During the present work, Eupelmella vesicularis was met with only in 
Hungary, where it was recovered from cocoons of Diprion sertifer which had 
already been parasitized by Microplectron fuscipennis. A study of its distribu- 
tion in relation to the degree of Microplectron parasitism of the saw-fly host is 
very significant, as can be seen from the following table. 


Table I 
Parasitism Parasitism Proportion of 
of cocoons of cocoons WM. fuscipennis 
by M. fus- by E. ves- attacked by Z. 
Saw-fly host and cipennis tcularis vesicularis 


Locality abundance % % % 
Peszér, Hungary, 1935 D. sertifer; small 20 1-0 5 
concentration 
Cspel, Hungary, 1934 D. sertifer; fairly 16 0-8 5 
abundant 
Hradec, Czechoslovakia, 1936 D. polytomum; tem- 12 — — 
porary increase 
Baja, Hungary, 1936 D. sertifer; local ll 1-0 9 
abundance 
Izsak, Hungary, 1934 D. sertifer; very 75 0-6 8 
abundant 
Izsak, Hungary, 1935 D. sertifer; not 5-5 0-2 4 
abundant 
Debrecen, Hungary, 1936 D. sertifer; very 4% and Occasional _ 
abundant lower 
Near Vienna, Austria, 1936 D. socius; small 3 — _ 
outbreak 
Corinthia, Austria, 1933 D. sertifer; large 3 — - 
outbreak 
Kiralyhollom, Hungary, 1935 _D. sertifer; not 2 — _ 
abundant 
_ Kiralyhollom, Hungary, 1936 _D. sertifer; not 2 
abundant 
Near Vienna, Austria, 1934 D. sertifer; not 1-5 -— —— 
abundant 
Padrt, Czechoslovakia, 1935 D. polytomum; not 1 -- — 
numerous 


From this it is apparent that Microplectron must be present in regular 
numbers, represented by a parasitism above 4 per cent and a fair abundance of 
cocoons, before Eupelmella puts in an appearance. When the host is only 
temporarily abundant, as at Hradec in 1935, although the percentage of 
Microplectron is fairly high, Ewpelmella is absent. In every ‘outbreak of 
Diprion sertifer in Hungary the saw-fly and chalcid had been present for a 
number of consecutive years. If Microplectron is present in a concentration 
lower than 4 per cent, this is apparently not sufficient for Eupelmella to be able 
to maintain itself. 

There is one other region, the Adriatic coast of Jugoslavia, where Micro- 
plectron was found attaining a considerable abundance on Diprion sertifer, in 
some cases up to 80 per cent parasitism. Here Eupelmella vesicularis was 
replaced by another species, Hupelmus urozonus Dalm., which, from the brief 
study made of it, possessed similar habits. 

Although a very large number of cocoons of saw-flies of the genus Diprion 
from all over Europe has been examined by the writer in the past five years, in 
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no case has a Eupelmus or Eupelmella been discovered not associated with- 
Microplectron fuscipennis. 


III. Host sELEcTION 


These field notes, embracing a wide experience, tended to show that this 
was not a primary parasite upon Diprion, but was probably secondary upon 
Microplectron fuscipennis. The opening of cocoons from which Eupelmella had 
emerged supported this. In every case the cocoon contained the wholly or 
partly eaten remains of a Diprion prepupa and a number of dead Micro- 
plectron. These latter might be in the larval, pupal, or adult stages, often with a 
number of unhatched eggs in the cocoon as well. Examination of the Micro- 
plectron larvae and pupae showed that a certain proportion of them had been 
eaten. The number of Microplectron larvae in a single Diprion sertifer cocoon 
varied from 7 or 8 to over 100. In the case of small numbers, up to 12 or 18, all 
larvae or pupae were damaged, some of them with the abdomen completely 
emptied, others only partly eaten. When larger numbers of Microplectron were 
present only 10 or 12 were eaten, besides which there were a large number of 
dead larvae, pupae, and adults. 

It was fairly evident then that the Eupelmella larvae had been feeding on 
those of Microplectron, and a number of experiments were started to determine 
whether this was the only, or, at least, the preferred host. These experiments 
were carried out in a laboratory in the Névényvédelmi Kutaté Intézet in 
Budapest, through the kindness of Prof. Dr Bako, whose courtesy is gratefully 
acknowledged here. 

All the adults caught in the field or recovered from cocoons have been 
females, and it has subsequently been proved that these reproduce by thely- 
toky, and parthenogenetic females have been bred through four generations. In 
the first experiments, however, females caught in the field were used, subse- 
quently females from naturally infected cocoons or bred in the course of the 
experiments. The females were kept separately in 3 in. lengths of 1 in. diameter 
glass tubing, each end of which was covered with fine muslin, affixed by rubber 
bands. Fresh raisins were given as food and no water supplied, but this was 
sufficient to keep them healthy and active. The natural habitat of these insects, 
the dry sandy floor of a pine wood, offered few opportunities for feeding or 
drinking. 

At first a series of 4 freshly caught females were each given 4 cocoons, 2 
containing Diprion sertifer prepupae and 2 with full-grown larvae of an 
Ichneumonid parasite, either Exenterus abruptorius or Microcryptus basizonius. 
These cocoons were changed and examined every 2 days for a week, during 
which time no Eupelmella eggs were laid and no interest was shown at all by the 
females. 

One of these females was now given 4 cocoons, 2 with pupae and 2 with 
larvae of Micropectron. She immediately exhibited great interest in these, 
first crawling all over one cocoon containing larvae, palpating it with her 
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antennae, but making no attempt at oviposition. She then moved to a cocoon 
containing pupae, and after some preliminary palpation made several attempts 
to pierce the cocoon with her ovipositor and finally succeeded and laid an egg. 
These cocoons were left with this individual for 3 days, during which time 
she laid 9 eggs. The other 3 females of this first batch were then given cocoons 
containing Microplectron larvae or pupae, and showed equal readiness to 
oviposit on these. These experiments with Microplectron as a host were varied 
somewhat, and it was found that if sufficient host material was available only 
a single egg would be laid per cocoon; with scarcity of cocoons more eggs, up 
to 5, would be laid in a single cocoon. 

Now a number of experiments was started in which each female was given 
a series of 6 cocoons, which were changed approximately every 4-7 days. The 
series of cocoons were always the same, consisting of: 1 with pupae, 1 with 
large larvae, 1 with small larvae, and 1 with eggs of Microplectron, one with a 
clean Diprion sertifer prepupa, and one with a full-grown larva of an Ichneu- 
monid parasite of D. sertifer. For convenience of handling and for recognition 
of the cocoons, each series was stuck with gum Tragacanth in a row on a narrow 
strip of card, which could be easily inserted or withdrawn from the glass tubes. 
The cocoons were obtained from a small infestation where Hupelmella vesi- 
cularis had not been observed, and were infected with Microplectron in a large 
glass jar, in which was maintained a number of adults of this parasite. The 
cocoons were selected by cutting a small flap in the side of each with a sharp 
scalpel, the contents being easily observed on lifting this flap, which was then 
tucked back into the opening, closing it perfectly. 

These experiments were carried out with a series of 11 female Eupelmella 
vesicularis: the 4 original, 2 more from cocoons naturally infected, and 5 bred 
during the work. As the experiments were identical throughout, the results 
are, for both brevity and clarity, analysed together and tabulated. Counting 
each card presented to Eupelmella as an experiment, a total of 43 experiments 
were made. Each egg found in a cocoon at the conclusion of an experiment is 
counted as an oviposition. This is quite fair, since it was observed that the females 
of this insect normally lay only one egg in a cocoon, but if a search for further 
suitable cocoons is fruitless they will return and lay again in the original one. 
The total number of ovipositions in these experiments was 150. The disposition 
of these among the cocoons is shown in the following table. 


Table II 
Microplectron 
Ichneu- 
Contents of Big Small Diprion monid 
cocoon Pupa larvae larvae Eggs prepupa larva 
No. of ovipositions 78 52 18 0 1 1 
Percentage 52-0 34-6 12-0 0 0-6 0-6 


This confirms the field observations and first experiments on oviposition, 
showing very clearly that Microplectron fuscipennis is the preferred host of 


24  Eupelmella vesicularis and Microplectron fuscipennis 


Eupelmella. The two isolated ovipositions on the saw-fly and Ichneumonid 
larvae might quite well be accidental, the result of the artificial conditions of 
the experiments, when sufficient cocoons containing Microplectron were not 
available. Indeed, the cocoons containing pupae or big larvae of Microplectron 
frequently contained 2 eggs of Eupelmella, occasionally 3. Previous experi- 
ments, in which a larger number of suitable cocoons were supplied, showed this 
behaviour to be unusual. The frequency of multiple oviposition in these 
experiments tends to emphasize the preference shown for Microplectron as a 
host. Despite the shortage of cocoons, Hupelmella neglected those in which she 
could not detect Microplectron, and returned to oviposit a second or third time 
in those containing larvae or pupae. 

Another fact emerges from this experiment. The preference shown for 
Microplectron increases proportionately to the state of development of the 
parasite, commencing with an absolute neglect of its eggs and culminating in a 
maximum preference for pupae. The most reasonable explanation of this is that 
Eupelmella is unable to detect the chalcid eggs within the saw-fly cocoon, and 
only when the larvae are fairly well grown are they discernible. What then 
could be the means of detection that fits in with this explanation? Movement 
or vibration within the cocoon can be ruled out because of the maximum 
attraction of the pupae. It is probably of a chemical nature, some odour given 
off by the parasite larvae, increasing as they grow in size, and at a maximum in 
the rapidly metamorphosing pupae, or perhaps given off most strongly by the 
larval foeces which are always extruded on the assumption of the pupal 
stadium. Whatever the stimulus, it was evidently strong and easily detected. 
An ovipositing female would run quickly over or round cocoons without 
Microplectron larvae or pupae, giving them but a moment’s attention and 
quick palpation with the antennae and no attempts at oviposition would be 
made. As soon as a suitable cocoon was encountered, the female showed evi- 
dent signs of excitement, running all over it and spending a long time—10 min. 
or a quarter of an hour—testing its surface with her antennae before making 
the first attempt at oviposition. 

These experiments then showed, in a very satisfactory manner, that 
Eupelmella vesicularis from certain regions in Hungary confines itself almost 
exclusively to Microplectron fuscipennis as a host, and is able to detect these 
chalcids within their saw-fly host cocoons by some stimulus which is at its 
maximum with the chalcid pupae and zero with their eggs. 


IV. Lire HISTORY 
The egg 


The female spends some time on the cocoon during oviposition. Having 
ascertained that the cocoon contains the right host, up to ten minutes or more 
may be spent exploring the surface of the cocoon, presumably for a site for 
inserting the ovipositor. Even then two or three trials may be made before the 
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ovipositor successfully penetrates the cocoon wall. It is now thrust into the 
cocoon up to its full length and there is a movement as if stinging the hosts. 
The ovipositor is now partly withdrawn and the egg can be seen to flow down 
it. As the egg passes through the wall of the cocoon the ovipositor is completely 
withdrawn. On opening such cocoons it is frequently found that one or two 
Microplectron larvae immediately below the oviposition hole were paralysed, 
but there was always a much larger number untouched. 

The egg (Fig. 1A), which is stalked, was invariably found hanging to the 
upper surface of the cocoon, fixed to the fibrous inner lining by its stalk. Thus 
it was held in a position of safety above the squirming mass of 30 to 50 chalcid 


Fig. 1. Eupelmella vesicularis. A, egg; B, primary larva, ventral view; C, primary larva, lateral 
view. (All x 200.) 


larvae occupying the cocoon. The egg is translucent white, highly polished and 
with no visible sculpture or structure. It is of a longish oval shape, and at the 
more pointed end the chorion is drawn off into a thin irregular twist, like a 
pig’s tail. From the rounded end a fairly long, thick stalk, transparent 
white, projects at an angle. This stalk is a hollow tube filled with clear fluid, 
and the distal end is somewhat swollen. The egg measures 0-45 x 0-18 mm. The 
stalk is about 0-3 mm. long, 0-018 mm. in diameter at its narrowest point and 
0-03 mm. at the swollen end. 

In the unheated laboratory at Budapest, with a mean monthly temperature 
of 20-5° C., mean maximum of 26° C. and minimum of 15° C., the life cycle was 
as follows: 

The eggs hatched in 4 days, the larval period lasted 19 days, and the 
pupal period 8 days. 


S7. B. C. 


26 Eupelmella vesicularis and Microplectron fuscipennis 


The larva 


The newly hatched larva (Fig. 1B and C) is minute, 0-54 x 0-18 mm., but 
very active and well equipped to take care of itself. Two striking features are 
the dark brown, strongly chitinized head capsule and an armature of strong 
bristles on the body, giving it a distinctly hairy appearance. The dark brown, 
strongly chitinized head (Fig. 2B and C) is dome-shaped, somewhat flattened 
dorsoventrally, with a pair of antennae and a well developed, rigid sucker-like 
structure around the mouth, from which project a pair of strong, hooked 
mandibles. The only other external features of the head are 4 pairs of bristles 
around the apex, and the labrum, with 3 pairs of papillae, and maxillary lobes 
each with one papilla. Between the base of these lobes and below the mouth is 
the opening of the salivary duct. 

The internal chitinized head skeleton (Fig. 2A) is of typical pattern. The 
mandibles possess well developed, long, sharp points. They are articulated on 
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Fig. 2. Head of primary larva. A, internal skeleton; B, ventral view; C, lateral view. (All x 1000.) 
Ep. epistoma; Hyp. hypostoma; J.M.S. inferior mandibular strut; Lab. labrum; Maz.L. 
maxillary lobe; Pl. pleurostoma; S.D. salivary duct; S.M.S. superior mandibular strut; 
Tent. tentorium. 


the inferior mandibular strut. The upper struts act as guides to hold the 
mandibles in the correct plane when working; the lower strut, which is con- 
tinuous below the mouth, contains the two fossae, in which articulate a condyle 
on the lower angle of each mandible. The superior and inferior struts are 
joined by a pleurostoma, and the two ends of this produced forward form an 
arch, the epistoma, occupying the anterior lip of the ring surrounding the 
mouth. The lower ends of the pleurostoma are produced backwards to form the 
hypostoma, lying along the ventral cavity of the head, and the tentorium, 
arched dorsally and passing behind the oesophagus and salivary ducts, con- 
nects to the lower ends of the hypostoma. 

The thirteen-segmented body is white and the skin closely covered with 
minute pustules only visible under the high power. It is cigar-shaped, tapering 
posteriorly, and armed with six rows of stiff, white bristles, a pair dorsally 
and a pair laterally on each segment, and a pair ventrally on the first three 
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segments. It is evidently by means of these bristles that the larvae move 
about so actively, and they also serve to protect it from being crushed by the 
more numerous and larger Microplectron larvae. When first hatched it moves 
about the cocoon for a short time and then seizes upon a full-grown larva or 
pupa by means of its powerful jaws, and remains affixed to this one host until 
it has pretty well drained its body fluids. It remains approximately 3 days 
in the first stadium, during which time it will consume, at most, two full-grown 
Microplectron. 

After the first ecdysis the larva has grown somewhat, now being 0-75 mm. 
long by 0-3 mm. broad, and has lost the dark, strong head capsule, character- 
istic of the first stadium. The head (Fig. 3) is now of a pale, yellowish brown 
colour, appearing much less strongly chitinized, and is markedly broader than 


Fig. 3. Head of second stadium larva. ( x 800.) 


its length. The internal skeleton is also broadened out and resembles more 
closely the usual chalcid type. The jaws are less curved, though still retaining 
their strong, pointed tips. The hairs on both head and body are very much 
reduced in length. 

There are five instars in the larval life, each occupying 3-4 days, so that 
the fifth and last stadium is entered on the 12th—15th day after hatching. 
The full-grown larva (Fig. 5A) is 3-5 mm. long by 1-1 mm. broad, and has 
resumed the hairy appearance owing to the armature of stiff bristles on the 
head and body segments. The head (Fig. 4), however, has taken on a new 
aspect by the development of an entirely new structure, a formidable, toothed 
clypeus, thickly chitinized and projecting out from the head capsule above the 
mouth. The labrum is still visible below this, a thin, straight flap above the 
mouth, with four pairs of papillae laterally. The remainder of the head 
structure is essentially the same as in the primary larva, except that the man- 
dibles are now practically straight, very strong and powerful. The function of 
such an aggressive-looking head armament will be understood when the 
behaviour of the larva is considered. 
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Fig. 4. Head of mature larva. ( x 420.) Cly. clypeus; Ep. epistoma; Hyp. hypostoma; I.M.S. 
inferior mandibular strut; Lab. labrum; Maz.L. maxillary lobe; Pl. pleurostoma; S.D. 
salivary duct; S.M.S. superior mandibular strut; Tent. tentorium. 


Fig. 5. A, mature larva; B, pupa. (Both x 50.) 
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During the five active instars it consumes altogether from ten to twenty 
larvae or pupae of Microplectron, most of these having the whole of their body 
contents sucked out. As it increases in age it becomes more and more voracious, 
and, after entering the fifth instar, it feeds for 3 or 4 days, killing six or 
seven Microplectron, although all of these will not be completely eaten. Finally, 
it seems to become endowed with a fiendish activity and goes all round the 
cocoon killing every remaining Microplectron, larvae, pupae, and adults. This 
insect will, by now, be fairly far advanced in development, and many adults 
will have emerged by the time the Eupelmella larva is full grown. These adults 
never leave the cocoon, however, as all will be caught and killed by the Eupel- 
mella larva, and, in all the cocoons under observation that have contained this 
insect, a Microplectron has never been known to survive and emerge. 

After this orgy of killing, the full-grown larva lapses into absolute quies- 
cence, entering the so-called prepupal stage, lasting for about 4 days in 
summer. The body now gradually assumes a slightly different appearance. The 
clear, semi-transparent appearance of the larva changes to an opaque white, 
and the internal structures and transverse coelomic striations of the fat bodies, 
previously visible, are lost to sight. The body becomes more curved, and soon 
the thoracic region, the first five larval segments, become swollen, a constric- 
tion appears between the fifth and sixth segments, and posteriorly to this the 
abdomen begins to take on the adult shape. The hairiness is still obvious, also 
the strong mouth parts. Soon after this the last ecdysis takes place, accompanied 
by defaecation, and the pupa emerges. 


The pupa 


The pupa (Fig. 5B) is at first white in colour. The structure of the thorax 
and abdomen is clearly visible. The antennae, legs and wing cases are cemented 
closely to the body, the short wing cases containing the rudimentary adult 
wings lying between the second and third pairs of legs. The ovipositor sheaths 
are curved round the abdomen and project slightly beyond its apex. After 
5-6 days the pupa turns a pale orange brown and soon a pigmentation appears, 
first on the abdomen and thorax and later on the head. The pigmentation is of a 
deep brown and spreads until it completely covers the segments, but the inter- 
segmental regions remain pale. Two days after the pupa has completely 
darkened, the adult emerges. The length of the pupal stadium is from 8 to 10 
days. 

The adult 


As has already been mentioned, only females of this species have been 
encountered, and these have been bred through four generations partheno- 
genetically. The average length of life in captivity was 25 days; the oldest 
female lived 43 days. The number of eggs laid by a healthy active female 
averaged 20. 

The adult female, a small, brownish black insect, averaging 3-2 mm. in 
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length, with very broad head, long thorax and disproportionately short, sessile 
abdomen, is most easily distinguished by her rudimentary wings and exserted 
ovipositor. The wings, 0-6-0-8 mm. in length, are abruptly bent near the middle, 
so that the slightly longer apical portions, hard and strongly fuscous, project 
almost at right angles to the insect’s body. A full description and figures are 
given by Gahan (1933). 

Hibernation 

One interesting point in connexion with the hibernation of this insect may 
be mentioned here. The main experiments were carried out in Budapest during 
the latter half of July, through August and into September, 1935. During this 
time the life cycle, from egg to adult, took from 25 to 31 days, the larval 
life lasting from 15 to 19 days. After 8 September, however, all the larvae 
went into hibernation on reaching the prepupal stage, none pupated and no 
more adults emerged until the following spring. This might be accounted for by 
a fall in temperature of 5° C. that took place on 6 September and the lower 
temperatures that followed for 10 days. After this the temperature rose again 
almost to the August average. The mean temperature for September was 
16-7° C., against 20-5° C. for August. 

However, the remaining female Eupelmella continued to oviposit and larvae 
to develop, up to the middle of September, when the whole lot was transferred 
to the laboratory at Farnham Royal. Here the experiments were continued in 
a warm laboratory, at about 21° C., and although eggs were still laid and larvae 
continued to develop up to maturity, they never pupated and no more adults 
were produced. After the middle of October no more breeding was done, and 
the resting prepupae were then divided, some retained in the laboratory ex- 
posed to the same temperature throughout the winter, others kept in an open, 
outdoor insectary, where they were exposed to the fluctuating winter tem- 
perature. In both cases hibernation continued in the prepupal stage throughout 
the winter. At the end of April, 1936, some of those in the laboratory com- 
menced to pupate and emerged early in May. A week later the insects that had 
overwintered in the open began to emerge. The maintenance of the hibernation 
rhythm, despite protection from temperature stimulus, is extremely interesting 
and suggestive, but cannot be explained on the data available. 


V. ImMPoRTANCE 


During the past three vears large numbers of Microplectron fuscipennis 
have been sent to Canada for the control of the spruce saw-fly, Diprion poly- 
tomum Htg. These have all been collected in Hungary, and the danger of 
liberating Eupelmella vesicularis has been pointed out and strictly guarded 
against from the first. Unfortunately this insect already occurs in America, 
according to the literature. It is quite possible that there are different biological 
races, to one of which belong the insects met with during the present work. 
Their marked host preference and habits certainly suggest that they are 
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distinct from the very polyphagous insects studied by Gahan and others. It is 
to be hoped that this is true and that the races in America will not exhibit, or 
acquire, such an exclusive preference for Microplectron, for, undoubtedly, in the 
localities under review it is a very dangerous enemy of this primary parasite of 
saw-flies. 

There are several points in its character which contribute to this. In the 
first place, it combines a parasite’s powers of selection with a predator’s powers 
of destruction. Its discriminative selection makes it practically monophagous 
on Microplectron in the present case. Its destructive capacities are enhanced 
by the larva’s habit of killing everything in the cocoon, far more than it can 
consume. As an example, in one cocoon from which this insect emerged were 
68 dead larvae, 17 dead pupae, and 5 dead adults of Microplectron. Now the 
number of Microplectron varies and was found to be greatest with a high degree 
of parasitism (Morris & Cameron, 1935). This is the result of superparasitism, 
the oviposition of several females in each cocoon. Consequently, the number of 
individuals destroyed by each Eupelmella larva increases as Microplectron 
becomes more numerous, and, what is more, represents a higher proportion of 
the Microplectron community, since more than one family is being destroyed in 
each cocoon. That is supposing the percentage of cocoons attacked to be the 
same. Unfortunately, the available data (Table I) is not sufficient to show any 
relation between the abundance of Microplectron and the proportion attacked 
by Eupelmella. The difference between 4 and 9 per cent is not very great. 

There is, however, another consideration from which it may be inferred 
that if a population of Microplectron were increasing relatively to its host, and 
therefore likely to control it, Eupelmella would increase at a no less rapid rate. 
This is due to its parthenogenetic reproduction and absence of males. This 
makes its rate of increase double that of a normally bisexual insect with the 
same life cycle. Microplectron has a shorter life cycle, but not short enough to 
compensate for this. At 21° C. Microplectron develops in 21-23 days, Eupel- 
mella in 25-31 days. The latter, then, has a distinctly more rapid rate of increase. 

A further advantage of the parthenogenetic habit is that the insect is 
easily established and can maintain itself at low concentrations of its host, 
since the necessity of finding a male and mating is eliminated. This is evident on 
considering the very low incidence of Microplectron, in 4 per cent and over of 
cocoons, upon which Eupelmella can exist. 

From these considerations it can be seen that once Eupelmella is established 
in a community of Microplectron, it will have a definitely inhibitory effect upon 
the efficiency of the parasite, the effect tending to increase as the parasite 
increases in abundance, thus being most potent at the very critical time when 
the parasite should attain maximum efficiency. Further, the more rapid rate of 
reproduction of Eupelmella might lead it eventually to seriously reduce the 
primary parasite’s population, or at least prevent it reaching that degree of 
abundance where control of the host is effected. Conversely, one may hope 
that in the absence of this predator from the liberated colonies of Microplectron 
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in Canada the parasite may bring about a higher degree of control of the saw- 
fly than is attained in the known infestations in Europe. 


VI. Summary 


Eupelmella vesicularis Retz. was found in certain parts of Hungary in- 
festing cocoons of Diprion sertifer Geoff. already parasitized by a primary 
parasite, Microplectron fuscipennis Zett. It was never found in the absence of 
this chalcid. 

Experiments showed that Eupelmella confined itself almost exclusively to 
Microplectron as a host, easily detecting the presence of larvae or pupae of this 
parasite within the cocoons of the saw-fly host, but neglecting eggs. 

A single egg is laid per cocoon and the larval Eupelmella eats from 10 to 20 
Microplectron larvae or pupae, and finally kills all the remaining living parasites 
within the cocoon before pupating. 

The egg and larva show interesting structural adaptations for this mode of 
life. 

Reproduction is parthenogenetic and no males are known, 

Several factors combine to make this insect a dangerous enemy of Micro- 
plectron capable of seriously impairing its efficiency. These are: its selective 
ability, its destructive powers, its rapid rate of increase due to the partheno- 
genetic habit, and its ability to establish itself and survive on small numbers of 
the prey, for the same reason. 
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(With 6 Figures in the text) 


Neodiplostomoides mehrii nov.gen., nov.spec. (Figs. 1 and 2) 


NumMERovs specimens of this fluke were collected in October 1936 from the 
small intestine of the Bonell’s eagle, Hieraetus fasciatus fasciatus, shot in the 
vicinity of Allahabad. Only one out of six hosts examined was infected. The 
sexually mature worms, 1-171—2-622 mm. long, are distinctly divided into 
elliptical forebody and cylindrical somewhat posteriorly pointed hindbody. 
The forebody, 0-969-1-236 x 1-186-1-476 mm., with foliate lateral margins 
united behind the holdfast organ, is armed with very minute, backwardly 
directed spines; the hindbody is 1-2—1-386 x 0-634-0-818 mm. The length ratio 
of fore and hind parts is approximately 6: 7. 

The oral sucker is terminal, transversely oval, 0-05-0-084 x 0-066-0-1 mm. 
The acetabulum, 0-064 x 0-084 mm., lies 0-4 mm. behind the anterior ex- 
tremity and 0-067 mm. in front of the holdfast organ. The latter is roughly 
spherical, diameter 0-35-0-417 mm., having a broad base and a marked median 
cleft. The large adhesive gland, postero-dorsal to holdfast organ, is composed 
of a cluster of triangular lobules. The prepharynx is very small, visible in 
sections only. The pharynx is barrel-shaped, 0-083 x 0-05 mm. The oesophagus 
is absent. The slender caeca which diverge out directly from the base of the 
pharynx, run on either side of the acetabulum and dorsally to the holdfast 
organ; in the hindbody they lie ventro-lateral to the gonads, terminating 
blindly a little in front of the hinder end. 

The two testes with a marked concavity on the ventral side, lie close behind 
one another in the posterior three-quarters of the hindbody. The anterior testis 
is asymmetrical, roughly V-shaped, 0-334—0-617 x 0-635-0-735 mm. The pos- 
terior testis is symmetrical, H-shaped and 0-551-0-651 x 0-751-0-918 mm. Its 
two limbs, approximately equal in size, are joined by a well-developed some- 
what characteristic arch-shaped bridge. The feebly developed vesicula-seminalis 
lies close behind the posterior testis. 

The transversely oval or rounded ovary, 0-133-0-167 x 0-166-0-2 mm.., lies 
median close in front of the anterior testis near the body constriction. The 
oviduct arises from the postero-dorsal side of the ovary and after giving off 
Laurer’s canal, which opens dorsally to the anterior testis, proceeds to the shell 
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gland mass situated to the right dorsal side between the testes. The thin-walled - 
uterus runs forward as far as the body constriction and then it bends ventrad 
to continue as a more or less straight descending limb. The distal part of the 
uterus together with the terminal portion of the ejaculatory duct opens at the 
apex of an inconspicuous genital cone. The large genital atrium contains a well- 
developed hammer-shaped genital bulb, dorsal to the genital cone. The eggs, 
0-083-0-09 x 0-042-0-05 mm., are operculate and oval. 

The vitelline glands, composed of small irregular follicles, are profusely 
developed both in the fore and hind parts, extending from about the level of 
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Fig. 1. Neodiplostomoides mehrii nov.gen., nov.spec., ventral view. 
Fig. 2. Neodiplostomoides mehrii, ventral longitudinal section of hindbody. 


the intestinal bifurcation to the posterior extremity of the hindbody. In the 
forebody the follicles cover a greater portion of the holdfast organ and the 
adjacent region, while in the hindbody they form a fairly broad median longi- 
tudinal strip, situated close to the ventral body wall. The large vitelline 
reservoir lies between the testes. The excretory system does not present any 
notable features. 


REMARKS ON THE GENUS NEODIPLOSTOMOIDES nov.gen. 


On a comparison with the other known members of the family Diplo- 
stomidae Poirier, 1886 (Syn. Alariidae Tubangui, 1922), the genus Neodi- 
plostomoides shows a marked resemblance to Neodiplostomum Railliet (1919) 
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in the form of the body and the general topography, but it differs from it in the 
characteristic shape of the testes—anterior testis V-shaped and posterior 
H-shaped—and the presence of a well-developed hammer-shaped genital bulb. 
The latter character has been considered by Szidat (1929) and Dubois (1934), 
as a feature of generic importance. The new genus can be distinguished from 
Bolbophorus Dubois (1934) by the absence of the lateral suctorial pockets and 
from Diplostomum v. Nordmann (1832) by the absence of the pseudosuckers, 
the characteristic shape of the testes and the presence of the genital bulb. 


DIAGNOSIS OF THE GENUS NEODIPLOSTOMOIDES Nov.gen. 


Subfamily Diplostominae Monticelli, 1888, sub-subfamily Diplostomini 
Dubois, 1936. Moderate sized; body divided into elliptical forebody and 
cylindrical hindbody of almost equal size. Cuticle of forebody spinose. Lateral 
suctorial pockets absent. Suckers well developed. Holdfast organ large and 
oval; adhesive gland composed of a cluster of triangular lobules, situated 
postero-dorsal to the holdfast organ. Pharynx muscular; oesophagus absent. 
Testes tandem, in the posterior three-quarters of hindbody; anterior testis 
V-shaped; posterior testis H-shaped. Vesicula-seminalis feebly muscular, 
behind the posterior testis. Ovary median, just in front of and slightly dorsal 
to anterior testis. Shell gland mass in right half, between testes. Vitellaria, 
follicular, extending from intestinal bifurcation to subcaudal region. Uterus 
ventral, extending anteriad to near body constriction and uniting at distal end 
with ejaculatory duct to open into inconspicuous genital atrium. Genital bulb 
well developed, dorsal to genital cone. Eggs large, numerous and operculate. 
Excretory pore ventro-terminal. Host: carnivorous birds, Hieraetus fasciatus 
fasciatus. Type species: Neodiplostomoides mehrit. 


Bolbophorus orientalis nov.spec. (Figs. 3 and 4) 


Host. Buteo rufinus rufinus, small intestine. 

Locality. Allahabad, U.P. (India). 

Body feebly muscular, 1-296-1-776 mm. long, divided into fore and hind 
parts by distinct circular constriction; forebody elliptical, covered by minute 
backwardly directed spines and 0-624-0-88 mm. long and 0-48-0-688 mm. 
broad; lateral margins of forebody slightly incurved ventrally and united be- 
hind holdfast organ; hindbody cylindrical, spindle-shaped, a little longer than 
forebody, 0-672-0-96 x 0-48-0-688 mm. 

Oral sucker terminal, 0-045-0-075 x 0-051-0°06 mm.; acetabulum, 0-045- 
0-06 x 0-045-0-075 mm., at or immediately in front of middle of forebody, 
usually overlapped by anterior margin of holdfast organ; holdfast organ, 
0-24-0-4 x 0-176-0-24 mm., prominent, elliptical with elongated shallow cavity; 
adhesive gland, conspicuous, trilobed, postero-dorsal to holdfast organ. 
Pharynx, 0-042-0-052 x 0-036-0-057 mm. ; prepharynx short, visible in sections 
only; oesophagus, 0-015 mm. long; intestinal caeca simple, terminating near 
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posterior end of hindbody. Lateral suctorial pockets 0-051-0-063 x 0-03- _ 
0-033 mm., one on each side of pharynx, not very prominent. 

Testes slightly lobate and characteristic in shape, immediately post ovarian, 
in nine-tenth part of hindbody ; anterior testis, asymmetrical, roughly V-shaped, 
0-112-0-24 x 0-288-0-344 mm.; posterior testis H-shaped, consisting of two 
lobes, 0-366-0-464 x 0-122-0-16 mm., connected by a transverse or rather 
slanting bridge 0-064-0-16 mm. antero-posterior diameter. Vesicula seminalis 
feebly developed, postero-dorsal to second testis; ejaculatory duct short, 
leading into muscular genital cone, which communicates with bursa-copu- 
latrix; genital bulb situated dorsally to genital cone. Genital pore dorsal and 
subterminal. 

Ovary globular, diameter 0-064-0-112 mm., 0-032 mm. behind body con- 
striction, slightly to right side. Shell gland complex in left half between testes; 
Laurer’s canal present. Uterus on reaching the body constriction, turns 
ventrad and runs mesially in a slightly sinuous course towards the genital 
pore. Vitellaria profusely developed both in fore and hind parts, extending 
anteriorly to level of intestinal bifurcation or even a little farther in front; in 
the hindbody the follicles are larger and arranged in a single median strip, 
ventral to gonads. Vitelline reservoir inter-testicular. Eggs few, 0-033 x 
0-066 mm., oval yellowish, thin-shelled. 

Remarks, Bolbophorus orientalis nov.sp. differs from the genotype, B. con- 
fusus (Krause, 1914) Dubois, 1934, in the smaller size of the body, size of the 
two suckers and the pharynx, position of the holdfast organ with regard to the 
acetabulum, extent and concentration of the vitelline follicles, presence of the 
muscular sucker-like genital cone and bursa copulatrix and size of the ova. 


Glossodiplostomum hieraetii nov.spec. (Fig. 5) 


Host. Hieraetus fasciatus fasciatus, small intestine. 

Locality. Allahabad, U.P. (India). 

Body thick, cylindrical, 1-787-2-05 mm., not constricted. Forebody short, 
deeply spoon-shaped, 0-768-0-8 mm. long and 0-9-1-0 mm. broad, with thick 
slightly attenuated and inflexed lateral margins; hindbody, 1-09-1-25 x 
0-685-0-9 mm., broader at two ends and bluntly rounded at posterior ex- 
tremity. Cuticle smooth. Oral sucker terminal, 0-05—0-075 x 0-116-0-134 mm. 
Acetabulum, 0-083-0-01 x 0-1-0-116 mm. ; a little larger than oral sucker and 
invariably overlapped by anterior border of holdfast organ; prepharynx, 
0-01 mm. long, visible in sections only; pharynx, 0-05-0-073 x 0-075-0-1 mm. ; 
oesophagus, 0-03-0-04 mm. long; intestinal caeca simple, extending to near 
posterior end of body. Holdfast organ large, spherical, with a median cleft, 
diameter, 0-45-0-48 mm., attached by its broad base to ventral surface of fore- 
body in the region of acetabulum; numerous gland cells present in its markedly 
loose-meshed and non-muscular tissue. Lateral suctorial pockets very pro- 
minent, 0-167 x 0-084 mm. 
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Fig. 3. Bolbophorus orientalis nov.spec., ventral view. 
Fig. 4. Bolbophorus orientalis, ventral longitudinal section. 


Fig. 5. Glossodiplostomum hieraetii nov.spec., ventral view. 
nov.spec., ventral view. 


Fig. 6. Glossodiplost 
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Gonads in middle third of hindbody. Testes, obliquely tandem, immediately - 
post ovarian anterior testis wedge-shaped, 0-136-0-15 x 0-334-0-367 mm., 
situated more towards the left; posterior testis much hollowed ventrally, 
0-134 x 0-334 mm. Vesicula seminalis large, slightly coiled, sac-shaped and 
situated behind second testis. Ejaculatory duct long, passes dorsally to uterus 
through genital cone 0-18 mm. long; the latter projects in spacious genital 
atrium. Genital pore terminal. 

Ovary transversely elongated, 0-067-0-1 x 0-167-0-2 mm., median, 0-2mm. 
behind the convex posterior margin of forebody; oviduct arises from posterior 
border of ovary and is soon joined by Laurer’s canal which opens dorsally at 
level of anterior testis. After receiving the vitelline duct and entering the shell 
gland mass, in the right half near the inner attenuated end of anterior testis, 
it bends anteriorly as the uterus; the latter extends forwards to about half 
distance between ovary and anterior extremity of hindbody. Vitellaria moder- 
ately developed, forming two longitudinal strips, one on each side of gonads, 
extending from the centre of holdfast organ to subcaudal region; vitelline 
reservoir intertesticular. Eggs few, 0-033-0-05 x 0-1 mm., yellow, operculate. 
Details of the excretory system could not be made out. 

Remarks. The present species resembles the other Indian species, Glosso- 
diplostomum buteoides nov. spec., described subsequently, in the topography of 
the genital organs, distribution of the vitellaria, position of the holdfast organ 
and size of the ova. But it differs from it and the genotype, G. glossoides 
Dubois (1927), in the form and size of the body, presence of the prepharynx and 
fairly long oesophagus, position of the acetabulum with regard to the holdfast 
organ, location of Mehlis gland, presence of the large genital cone and the 
terminal position of the genital pore. 


Glossodiplostomum buteoides nov.spec. (Fig. 6) 


Host. Buteo rufinus rufinus, small intestine. 

Locality. Allahabad, U.P. (India). 

Body elongate, 2-112 mm, long. Forebody short, spoon-shaped, 0-785 mm. 
long and 0-8 mm. broad, passes insensibly into long cylindrical hindbody, 
1-227 x 0-785 mm. Body wall feebly muscular uniformly thick and aspinose. 
Oral sucker terminal, 0-105 x 0-09 mm.; acetabulum transversely oval; 0-075 x 
0-105 mm., immediately in front of holdfast organ; pharynx 0-09 mm. dia- 
meter. Oesophagus absent, intestinal caeca slender, terminating midway 
between second testis and posterior extremity. Holdfast organ prominent, 
spherical diameter 0-256 mm., with an irregular median cleft. Pseudosuckers 
highly muscular, one on each side of pharynx. 

Gonads in anterior half of hindbody. Testes transversely elongated, situated 
dorsally one behind the other in median line; anterior testis 0-16 x 0-416 mm., 
immediately in front of shell gland mass and vitelline reservoir; posterior testis 
0-16 x 0-496 mm. Vesicula seminalis large, coiled, situated postero-dorsal to 
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second testis. Ovary median or transversely oval, 0-096 x 0-24 mm., close in 
front of anterior testis. Uterus extends anteriad to a little in front of ovary; 
its descending limb opens along with ejaculatory duct into genital cone; 
genital opening dorsal and subterminal. Vitellaria composed of small follicles 
grouped into two roughly defined lateral areas, extending anteriorly to 
acetabulum and posteriorly to subcaudal region; follicles most concentrated 
around holdfast organ. Eggs few, 0-096 x 0-048 mm., yellow, operculate. 

Remarks. This species differs remarkably from the genotype in size and 
shape of body, anterior position of the holdfast organ, which lies just behind 
the acetabulum, topography of the genital organs and the extent and distribu- 
tion of the vitellaria. It is distinguished from G. hieraetii nov.spec. by the 
shape of the body, position of the acetabulum with regard to the holdfast 
organ and dorsal subterminal position of the genital pore. 


The work was carried out under the supervision of Dr H. R. Mehra to 
whom my thanks are due for valuable help and advice. I wish to thank also 
Dr D. R. Bhattacharya for providing facilities in the Department. 


Lettering of Figures 
A. acetabulum Oe. oesophagus 
A.g. adhesive gland 0.8. oral sucker 
D. ductus ejaculatorius Ov. ovary 
E.p. excretory pore Ph. pharynx 
G.b. genital bulb T. testes 
G.c. genital cone U. - uterus 
H. holdfast organ V. vitelline follicles 
I. intestine V.r. vitelline reservoir 
L.p. lateral suctorial pocket V.s. vesicula seminalis 
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ON SOME LARVAL TREMATODE PARASITES OF THE 
MUSSEL (MYTILUS EDULIS) AND THE COCKLE 
(CARDIUM EDULE). PART II 


A NEW LARVAL GYMNOPHALLUS (CERCARIA CAMBRENSIS) 
SP.NOV. FROM THE COCKLE (CARDIUM EDULE) 


By H. A. COLE, M.Sc. 
Ministry of Agriculture and Fisheries, Conway 


(With 1 Figure in the Text) 


THis trematode was obtained from cockles brought up with mussels to the 
Conway Mussel Cleansing Station and also from cockles collected from several 
other localities on the Menai Straits. It was present in every cockle examined, 
a total of several thousand in all. It occurred as a brown mass of varying 
size situated immediately beneath the hinge and occupying a small wedge- 
shaped cavity which occurs there. It could be obtained by cutting away the 
hinge with a knife when the brown mass was exposed. The latter breaks up 
very easily on teasing and consists of numerous more or less oval thick-walled 
sporocysts loosely embedded in the tissue of the cockle. These sporocysts are 
colourless or slightly straw-coloured and immobile. They contain a varying 
number of cercariae and a considerable amount of granular brown material. 
The fully developed cercaria (Fig. 1) is transparent except for the excretory 
sacs, which are full of very highly refractive granules and appear dark. The 
maximum diameter of these granules has been put forward by Rothschild 
(1935) as a valuable diagnostic character; in this species it is 5u. The 
cercariae are moderately active and survive some time in sea water after 
removal from the sporocyst. This trematode was found throughout the year. 

When naturally extended, the cercariae average 0-27 mm., while fully 
extended specimens may reach 0-32 mm. The diameter of the oral sucker is 
0-04 mm. and the ventral sucker 0-03 mm. The ventral sucker is approximately 
two-thirds of the body length from the anterior end. 

I am indebted to Mr W. J. Rees of Plymouth for the following measurements 
of cercariae of this species from the Dovey estuary, Cardigan Bay. Body 
length 0-22-0-30 mm. expanded and 0-18-0-19 mm. contracted. Body breadth 
0-14-0-16 mm., diameter of oral sucker 0-03-0-04 mm., ventral sucker 0-02- 
0-04 mm. The material from which the above measurements were taken was 
collected between September and March, when there was a 45 per cent in- 
fection, fifty cockles being examined. In May 100 per cent infection was found 
in 200 cockles. 

The cercariae are covered all over with small spines arranged in lateral and 
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diagonal rows. The well-marked pharynx (diameter 0-015 mm.) is contiguous 
with the oral sucker. Oesophagus present, of moderate length; the intestinal 
caeca extend back as far as the anterior border of the ventral sucker. There is 
a group of penetration gland cells packed closely around the oral sucker on 
each side. It is difficult to determine the exact number of these cells, but they 
appear to open by four ducts on each side at the anterior margin of the oral 
sucker. The excretory sacs are very large, the lateral arms occupying most of 
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Fig. 1. Cercaria cambrensis nov.sp. The excretory system and the penetration glands are shown 
fully on one side only. Actual length of cercaria 0-3 mm. £.v. excretory vesicle; F. flame 
cells; J. intestine; L.e.t. lateral excretory trunk; Oe. oesophagus; O.s. oral sucker; P. perfe- 
tration glands; Ph. pharynx; 7’. testis; V.s. ventral sucker. 


the body and extending forward almost to the oral sucker. The lateral arms 
frequently touch in front of the ventral sucker. The terminal vesicle is conical 
and opens by a short narrow duct. The flame-cell pattern is illustrated in 
Fig. 1. The huge excretory sacs render the detection of flame cells in the mid- 
region of the body very difficult and in this area the pattern may be incomplete. 
For the same reason it is impossible to trace the canals of the flame cells. The 
testes are well developed and lie near the lateral edge of the body, about half- 
way between the ventral sucker and the posterior end of the body. 
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This cercaria is similar in size and general features to that described by 
Jameson (1902), Jameson & Nicoll (1913), and Lebour (1912) from Cardium 
and Tapes, as the first stage of the pearl-inducing trematode from the mantle 
of the mussel (Mytilus edulis), under the name of Cercaria margaritae. The 
chief differences lie in the absence of eye-spots and sensory papillae. Further, 
the cercariae here described are on the average larger. Lebour gives the ratio 
of the oral to the ventral sucker in C. margaritae as about 2 : 3, but this is 
probably a misprint for 3 : 2, whereas in the Conway material the ratio is 4 : 3. 
Jameson merely states ‘the form and relations of the suckers and pharynx are 
the same” as in the pearl-inducing trematode. The sporocysts were found by 
Lebour chiefly under the umbo and by Jameson in the siphonal muscles. 
Taking all these points into consideration it is clear that we have here a 
separate species, which I propose to call C. cambrensis. There can be no doubt 
that the form here described is a species of Gymnophallus. Its universal 
occurrence in cockles from the mussel beds of North Wales, where the pearl- 
inducing trematode is very abundant, is strong evidence in its favour as the 
first stage of this cercaria. Cercaria cambrensis agrees more closely with 
Jameson’s mantle metacercaria than does C. margaritae. Specimens of the 
mantle metacercaria from North Wales agree very closely with Jameson’s 
description, although I have been unable to find the salivary glands which he 
describes. On the other hand, Dollfus (1923) has described a separate, but 
very closely related pearl-inducing trematode from Mytilus galloprovincialis, 
which he calls Cercaria duboisi. There is therefore, the possibility that two or 
more closely related metacercariae of the Gymnophallus group may be agents 
in the formation of pearls in Mytilus edulis. In this connexion it is worth while 
remembering that Jameson & Nicoll described six species of adult Gymno- 
phallus from the Scoter (Oedemia nigra). This duck is very abundant on the 
North Wales coast during the winter months. 

Palombi (1923), as a result of his studies of the mantle metacercariae of 
Mytilus galloprovincialis, came to the conclusion that the pearl-inducing 
trematodes of Jameson, Dollfus and Dubois were identical, and could be 
reduced to one species, Gymnophallus margaritarum (Dubois, 1901). Further, 
he includes Adolescaria perla (Ssinitzin, 1911) under the same species. Sur- 
veying the evidence, Palombi was not satisfied that Cercaria margaritae from 
the cockle represented the first stage of Gymnophallus margaritarum, but 
regards it as a separate species. He puts forward instead the hypothesis that 
the whole development of the metacercaria, from the miracidium, takes place 
within the mantle of the mussel. He gives a brief description of the sporocyst 
stage and figures a cercaria from a ripe sporocyst but gives no measurements. 
He describes the mantle as containing a closely packed mass of sporocysts, 
each containing 30-100 cercariae. From experience of similar mass infections 
with sporocysts, as in Cercaria tenuans (Cole, 1935) (which resembles Palombi’s 
description in broad outline, although the cercariae are apparently quite 
different), it is unlikely that the mussel would survive the liberation of 
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hundreds of cercariae. Should it do so, it is very strange that no more than 
one or two metacercariae are found in each mussel. Further, one would expect 
to obtain similar percentage infections for both metacercariae and sporocysts, 
whereas, although the former are abundant, the latter are apparently very 
rare. There seems therefore no doubt that Palombi was in error in assuming 
that the complete development of the metacercaria from the miracidium took 
place within the same host. Palombi gives as his reasons for rejecting C. 
margaritae as the first stage of Gymnophallus margaritarum first, the absence 
of eye-spots and sensory papillae in the metacercaria, and secondly, the 
presence of salivary glands in the metacercaria although these are not found 
in Cercaria margaritae. It is interesting to note that these differences disappear 
if we consider C. cambrensis instead of C. margaritae as the first stage. 

The measurements of the pearl-inducing metacercaria and of C. cambrensis 
are given below. The former have been obtained from metacercariae taken 
from Conway mussels, 


Mussel metacercaria Cercaria cambrensis 

mm. mm. 
Length 0-71 0-30 
Oral sucker 0-17 0-04 
Ventral sucker 0-16 0-03 
Distance of ventral sucker Slightly more than } of % of body length 

from anterior end body length 

Pharynx 0-05 0-015 
Excretory granules 0-006-0-007 0-005 


There are in the writer’s opinion good grounds for supposing that C. 
cambrensis and the mussel mantle metacercaria from North Wales are stages 
of the same form, although it is possible that the metacercaria is not identical 
with Jameson’s pearl-inducing trematode. 
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DIPLOSCAPTER CORONATA AS A FACULTATIVE 
PARASITE OF MAN, WITH A GENERAL REVIEW 
OF VERTEBRATE PARASITISM BY 
RHABDITOID WORMS 


By ASA C. CHANDLER 
From the Biological Laboratory, Rice Institute, Houston, Texas 
(With 4 Figures in the Text) 


ALTHOUGH most workers have sharply differentiated between a “free-living” 
group of nematodes (including, however, many forms parasitic in insects or 
plants), and a parasitic group of which the majority are parasitic in vertebrates, 
it has long been recognized that this was not a natural division. Whether or 
not the nematodes parasitic in vertebrates are derived from a number of 
different free-living types, there is no question but that the relationship 
between some vertebrate parasites and some free-living forms is so close as 
to make their inclusion in a single order, if not in a single family, imperative. 
Baylis & Daubney (1926) actually included Strongyloides and related forms in 
the same subfamily with Rhabditis, whereas Filipjev (1934), in one of the most 
recent classifications, includes not only Strongyloides and its relatives, but also 
the Strongylidae (Order Strongylata of students of parasitic nematodes) in 
his Order Anguillulata. He includes Strongyloides and Rhabdias in the same 
family with Rhabditis, but places them in a separate subfamily on account of 
their peculiar life cycle involving an alternation of generations. 

Whether or not we follow Filipjev in placing the Strongylata within the 
Anguillulata, it is clear that the latter group is one in which all gradations can 
be found from strictly free-living saprophagous forms to parasites of plants, 
invertebrates and vertebrates. It is not surprising that in such a group we 
should also find individual species which, although commonly saprophagous, 
are capable of living, at least temporarily, as parasites. 

Such temporary or facultative rhabditid parasites have not only been 
found in a wide variety of vertebrates from amphibians to mammals, but they 
have also been found in various regions of the body, including the stomach, 
intestine, urinary tract, skin, and respiratory tract. An account is given below 
of a series of nine human cases in which a rhabditid worm, Diploscapter 
coronata, was found, apparently established and multiplying, in stomachs 
which entirely lacked, or had reduced amounts of, hydrochloric acid. In one 
instance the worm was recovered again after an interval of 4 days. Following 
this account I have made a review of the literature on parasitism by rhabditid 
worms, particularly with reference to man. 
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In September 1935 (through the kindness and co-operation of Mr A. W. 
Owen, technician at the Greer-Park Clinic at Houston, Texas), there was 
sent to our laboratory a specimen of aspirated stomach contents from a case 
of anhydrochloria which contained very abundant nematodes preliminarily 
diagnosed as Strongyloides, but which proved to be Diploscapter coronata 
(Cobb, 1893). Between that date and March 1936, Mr Owen found eight 
additional cases of similar nature. I wish to express my hearty appreciation 
for Mr Owen’s co-operation in supplying the specimens for examination 
and also for supplying clinical and other data concerning the patients 
concerned. 

In some of the cases the worms were present in thousands, including adult 
egg-bearing females and immature forms in all stages of development, but 
never any males. In other cases the worms were very scanty, only one or two 
being found on a slide. In one case only was it possible to get a second specimen, 
but in this case the worms were numerous at both examinations, made 4 days 
apart. Since the stomach contents in every case were collected and examined 
in the morning after a meal consisting only of tea and toast, it is inconceivable 
that the worms, in the enormous numbers in which they were sometimes 
present, could have been ingested with food. A thorough search was made 
for any possible means of contamination in the laboratory, and we feel that 
this possibility can be confidently excluded, especially since the same apparatus 
was being used constantly on other cases in which there was no anacidity and 
in which no nematodes, dead or alive, were found. In all the cases in which 
abundant living worms were present free hydrochloric acid was absent, except 
one case in which 1° was detected. The total acidity in these cases ranged 
from 3 to 7°. In three cases in which only a few active worms were found, 
but sometimes numerous dead ones, the free hydrochloric acid was 4, 10 and 
10°, respectively, and the total acidity 10, 21 and 25°. The case histories are 
briefly as follows: 

(1) Mrs L. E. Examined 30. ix. 35. No history; b.m.r., 10%; w.b.c., 8000; 
r.b.c., 3,720,000; hb., 80-3°%% =13-60 g.; eosinophiles 2%; gastric contents: 
total acidity 1°, free HCl 0°, combined HCl 0°. Very abundant D. coronata in 
all stages of development. 

(2) Mr W. E. L. Examined 22. x. 35. Age 43. Desired relief from pinkish 
eruption on body; w.b.c., 5400; r.b.c., 4,650,000; hb., 95% = 16-00 g.; eosino- 
philes, 4% ;’ gastric contents: total acidity 10°, free HCl 4°, combined HCI 5°. 
A few active Diploscapter, adult females and larvae, and a few dead specimens. 
Diagnosis: food allergy, angioneurotic oedema, urticaria, epidermomycosis of 
toes, gastric subacidity, and albuminuria with pyuria. No nematodes found 
in urine. 

(3) Mrs B. W. Examined 18. xi. 35. No information available except 
examination of gastric contents. Total acidity 25°, free HCl 10°, combined 
HCl 9°. (Had been taking doses of HCl three times per day.) Numerous adult 
females and larvae of Diploscapter, but all dead. 
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(4) Mrs L. B. Examined 9. xii. 35 and 13. xii. 35. Age 63. Desired relief _ 
from generalized headaches; w.b.c., 5700; r.b.c., 3,600,000; hb., 80-3% 
= 13-60 g.; eosinophiles, 1%; gastric contents: total acidity 7°, free HCl 1°. 
Numerous Diploscapter in all stages of development found on both examina- 
tions. Symptoms complained of, generalized headaches and dizziness. 

(5) Mr G. M. H. Examined 17. xii. 35. Age 57. W.b.c., 5400, r.b.c., 
1,540,000; hb., 45-1 % =7-79 g.; reticulocytes, 0-3 % ; eosinophiles, 2 % ; gastric 
contents: total acidity 1°, free HCl 0°, combined HCl 0°. Numerous Diplo- 
scapter in all stages of development. Diagnosis: pernicious anaemia; symptoms, 
dyspnoea, weakness, oedema of legs, occipital headaches, slight ataxia. 

(6) Mrs J. M. Examined 2. i. 36. Age 40. No blood count made. Gastric 
contents: total acidity 7°, free HCl 0°, combined HCl 3°. A few larval 
Diploscapter present. Diagnosis: anaemia, chronic achlorhydria, salpingo- 
odphoritis. 

(7) Mr V. M. Examined 18. i. 36. Age 56. No blood count made. Gastric 
contents: total acidity 3°, free HCl 0°, combined HCl 1°. Diploscapter present 
in abundance. Diagnosis: gastric carcinoma. 

(8) Mr J. C. Examined 24. ii. 36. Age 31. No blood count made. Gastric 
contents: total acidity 3°, free HCl 0°, combined HCl 1°. A few living 
Diploscapter present, moderate numbers of dead ones. Diagnosis: chronic 
ulcerative colitis; symptoms, frequent watery stools, cramps in abdomen, loss 
of weight, easily fatigued. 

: (9) Mrs J. E. S. Examined 3. iii. 36. Age 32. No blood count made. 
2 Gastric contents: total acidity 21°, free HCl 10°, combined HCl 7°. A few 

i Diploscapter, majority dead, a few moving slightly. Diagnosis: angioneurotic 

- oedema, food allergy (carrot), gastric subacidity. Symptoms, recurrent oedema 

of upper lip. 

“a Although the record is not now available, routine urine analyses were made 

of all of these patients, but no nematodes were ever found. 

Attempts were made to establish the worm in the stomachs of rats, guinea- 
pigs and rabbits, but without success. An effort was also made to grow the 
worms on nutrient agar plates, but although they remained alive for about 
3 days, no evidence of multiplication, such as occurs readily in the case of 
Rhabditis under similar conditions, was obtained. The worms remained alive 
in the gastric contents for about 48 hours at room temperature but died 
overnight at 37°. 

The worms correspond very closely to published descriptions of Diplo- 
scapter coronata, and no basis for their specific differentiation was found. This 
worm was first described by Cobb (1893) under the name Rhabditis coronata 
from a single female specimen found in humus about the roots of a banana 
plant in Fiji. De Man (1895) described the worm more fully, although he could 
not identify it with Cobb’s worm with certainty. De Man found the worm in 
the diseased pseudo-bulbs of tropical orchids; numerous females were found, 
but only a single male. Zimmerman (1898) (quoted by Micoletzky, 1921) 
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described R. bicornis, which Micoletzky considers identical with Diploscapter 
coronata. Maupas (1900) again described the worm, but found no striations 
on the anterior end of the body, and no distinct median oesophageal bulb such 
as Cobb figured in 1893, and never more than one egg at a time in the paired 
uteri. Maupas found about 5 or 6 males per 1000 worms, but all of 150 im- 
mature worms developed in cultures became females laying fertile eggs which 
developed normally. The uteri contained spermatozoa, so Maupas concluded 
that the species was undoubtedly an autogamous protandrous hermaphrodite. 
He considered the males as non-functional. Cobb (1913) gave a revised formula 
for the worm, and placed it in a new genus Diploscapter. Micoletzky (1921) 
again described the worm, and suggested, as did Cobb in 1913, that the various 
described forms might not all be specifically identical. Peters (1930) reported 
the temporary occurrence of the worm in sewage beds in England, but failed 
to find any males. Peters gives an excellent summary of earlier work, and 
compares his own range of measurements and proportions with those of 
others, concluding that all of these forms are correctly to be designated 
D. coronata (Cobb, 1893) Cobb, 1913. Hoeppli & Chu (1932) reported this worm 
from hot springs in China. In 1929 Rahm described what he believed to be 
a new species, D. rhizophilus, and two varieties of it, from about the roots 
of diverse cultivated plants in Brazil, but in particularly large quantity about 
roots of coffee, banana and sugar-cane. The worms described by Rahm are 
larger than D. coronata, differ in some morphological details, are more active, 
and have an abundance of males, which occasionally outnumber the females. 
Furthermore, whereas D. coronata is a saprophagous terricolous form, D. rhizo- 
philus is said to grind fragments of living bark with its labial teeth and to be 
a direct cause of rotting in the bark. 

The latest publication on Diploscapter is that of Yokogawa (1936). Yoko- 
gawa found a nematode which he identified as D. coronata in the urine of a 
Japanese woman 72 years of age, who had been suffering from pyelitis. The 
urine was slightly cloudy, neutral in reaction, with a trace of albumen, and 
a few blood corpuscles. No eggs or parasites were present in the faeces. Upon 
discovery of adult and larval nematodes in the urine, four more specimens 
of urine were taken, using sterile containers, on the same and the following 
day, and all of them contained the same kind of nematodes. A few days later, 
catheter specimens of urine and washings of the genital organs were found to 
be negative, and at this time the urine, which had an acid reaction, was also 
negative, although a few hours later a naturally passed specimen contained 
the nematodes. Yokogawa believed that the worms remained hidden in the 
folds of the mucous membrane and failed to make their appearance under 
unfavourable circumstances, as when the urine was acid or when the genital 
region was being washed with cool water. Yokogawa succeeded in finding the 
worm in the rotted earth around some banana trees where the woman had sat. 
Yokogawa found no males either in the patient’s urine or in the soil. It is 
not clear from Yokogawa’s paper whether there was an opportunity for the 
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patient to acquire the worms by sitting on infested soil, or otherwise, between 
the times when the worms were found in the urine. The failure to find them 
either in the bladder or in genital washings makes it difficult to understand 
where multiplication could have taken place. Yokogawa found that the worms 
would multiply rapidly in alkaline urine outside the body. Five days after the 
worms were first discovered the pyelitis improved, the reaction of the urine 
became acid, and the worms were no longer found. 

The fully mature female worms found by us in stomachs of reduced acidity 
may be described as follows: 

Total length 410-430 with maximum diameter of 23-26. Vulva 220- 
230 uv from anterior end, and 125-133» from anus. Diameter at anus about 10 p. 
Tail 65-76 » long, tapering for half its length and terminating in an extremely 
fine filament. Mouth provided with two pairs of lips. Dorsal and ventral lips 
strongly chitinized and each provided with two hook-like prongs directed 
outwardly and slightly laterally (Figs. 2 and 3); these lips measure about 4 
in breadth, and about 4-5 in depth, i.e. dorso-ventrally, and about 4-5 
antero-posteriorly. Lateral lips situated externally to dorsal and ventral ones, 
extremely thin and delicate, triangular in shape. Pharynx 20-21, long and 
about 3 in diameter. Oesophagus with cylindrical anterior part, widening 
slightly posteriorly, about 40» long (measured from posterior end of pharyngeal 
tube); middle narrow portion 20-25, long, and bulb about 20-22, long and 
18 broad. End of oesophagus 103-108, from anterior end of body. Nerve 
ring about 75y from anterior end. Eggs in uterus, when fully developed, 
48-50 by 21. Usually only one developed or partially developed egg in 
uterus at a time, but occasionally two. 

The smallest embryos seen were 150 long and 9 in diameter; the vulva 
and beginnings of the reproductive organs were first discernible in specimens 
about 300 long. 

Omitting a case reported by Bétkin (1883) of Anguillulina putrefaciens 
(=dipsaci) in the vomit of a patient who had eaten raw onions on which this 
worm is parasitic, the only other instance of invasion of the human stomach 
by rhabditoid nematodes which we have been able to find is that of Frese (1907). 
This author found worms which he believed to belong to the genus Rhabditis 
in the stomach washings of a 16-year-old girl suffering from ozaena, and who 
complained of pains in the stomach. The worms were obtained in the stomach 
washings in large numbers over a period of 2 months. No eggs or parasites were 
ever found in the faeces. The stomach usually contained considerable quantities 
of foul discharge from the diseased nose, but no nematodes were found in the 
nasal secretions. After a test meal free hydrochloric acid was found in moderate 
amount. Frese describes the worm rather briefly, and his description strongly 
suggests a species of Rhabditis. It is, however, noteworthy that, although 
females and immature forms in all stages of development were found in 
abundance, no males were ever found. This corresponds with our own and 
others’ observations on Diploscapter coronata, but is not known to be true of 
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any species of Rhabditis. It is also noteworthy that Frese mentions having 
seen two fine cuticular thickenings in the region of the mouth, which might 
possibly have been the hook-like structures characterizing the mouth of 
Diploscapter. The size of the worms and general characters correspond very 


Fig. 1. Diploscapter coronata, adult female from human stomach, x 440; Fig. 2, anterior end, 
lateral view, x 2000; Fig. 3, anterior end, dorsal view, x 2300; Fig. 4, posterior end, x 1000. 


well, but the oesophagus as described is too short, the uterus contains several 
developing eggs instead of only one, and the vulva is shown nearer the anus 
than it is in Diploscapter, or in known species of Rhabditis. Frese’s sketch, 
however, suggests that he may have made an error in locating the vulva. This 
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case of Frese’s is very similar to our own. No statement is made about the 
acidity of the stomach except that a moderate amount of HCl was found after 
a test meal, but it is possible that the large amount of mucous discharge from 
the nose may have had a tendency to keep the free HCl down to a level which 
could be endured by the worms. The absence of any males, the small size of 
the worms, and the general proportions strongly suggest that they may have 
been the same species as found by us. 

There are a few other references to stomach infestations with worms 
related to Rhabditis. Chitwood (1933) described Longibucca vivipara from the 
stomach of a South American snake, Pseudoboa cloelia. Both adults and larvae 
were found in large numbers situated in the mucosa and submucosa, where 
some of them were in process of encapsulation. There was evidence of a distinct 
pathological effect on the host. McIntosh & Chitwood (1934) found another 
species of Longibucca, L. lasiura, in large numbers in the intestines of two bats 
and in the stomach of another. When present in the stomach they were found 
in a layer of mucus and desquamated epithelium and also embedded deep in 
the mucosa, but there was no marked pathological reaction. 

Yokogawa’s discovery of Diploscapter coronata in human urine is not the 
only instance of rhabditid worms found in such circumstances. Scheiber (1880) 
discovered a species of Rhabditis which he called R. genitalis in the urine of 
a Hungarian woman who was suffering from pyelonephritis, pneumonia, and 
acute intestinal catarrh. Adults of the worm lived in the vagina throughout 
the entire period of illness, and the adults and larvae were constantly voided 
with the urine, which was acid in reaction, and contained albumen, pus and 
blood. This worm was subsequently identified by Oerley (1886) as R. pellio 
(Schneider, 1866), which normally lives in decomposing organic matter as an 
adult, and is parasitic in earthworms as a larva. Oerley found that the worm 
would live and reproduce in the vagina of mice when experimentally intro- 
duced there; he was also able to establish it in cavities of ear and nose, but 
only if a catarrhal condition were present. Repeated attempts to establish the 
worm in the gastro-intestinal tract of mice, cats, man, or even frogs, failed. 
In discussing Scheiber’s case Oerley suggests that the use of soil in making 
poultices for vaginal application, practised by Hungarian peasants, might 
account for the access of the worms to the vagina. The observation of Aubertot 
(1923) that R. pellio can pass uninjured through the gut of Drosophila indicates 
the possibility of contamination by flies. Baginsky (1887) found a similar worm 
in the sedimented urine of a case of haemoglobinuria, but apparently the worm 
was observed only once, and not in fresh urine. Peiper & Westphal (1888) 
found worms which were probably the same as Scheiber’s in another case of 
urine containing blood and albumen, but they were all dead, and appeared 
for only a few days. 

In this connexion there should also be mentioned the occasional presence 
of the “vinegar eel”, Anguillula aceti, in the urine and vaginal secretions of 
women who have used vinegar containing worms as a vaginal douche. There 
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is no evidence, however, that this species establishes itself in the vagina, even 
temporarily. 

The establishment of rhabditid worms in the intestine, except Longibucca 
lasiuri mentioned above, and Angiostoma plethodontis described by Chitwood 
(1933) from the intestine of a salamander, rests on uncertain ground. 

Kobayashi (1920) reported the finding of numerous adults and larvae of a 
Rhabditis, which he named R. hominis, in the freshly passed faeces of 17 out of 
668 children in Japan, all between 10 and 14 years of age. He reported three 
further cases found in another series of examinations by Takaki. Four of the 
17 children were re-examined after 2 or 3 months but were negative. Although 
Kobayashi states that strict precautions were taken to exclude free-living 
nematodes, no information is given as to the exact methods used in collecting 
the faecal samples. Sandground (1925) reported the finding of the same species 
in nine samples of faeces sent to his laboratory from Georgia, after having been 
diagnosed as cases of Strongyloides. The worms were readily cultivated in 


‘ various media containing putrefying material. The same worm was repeatedly 


found in faeces of laboratory animals, but was never regularly present, and 
always failed to appear when rigidly strict measures against contamination 
were employed. Sandground later discovered the organism in three more stool 
samples collected by himself in Georgia. One was obviously contaminated 
with soil. From one case other specimens of faeces were obtained 2 and 10 days 
later under conditions excluding contamination, and both were negative. 
Attempts were made to produce infection by swallowing the worms and by 
giving opportunity for skin penetration, but without success. From these 
considerations Sandground concluded that the worms when found in human 
faeces were introduced between the time of passage of the stool and its examina- 
tion, and suggests soil, implements or flies as possible means of contamination. 
The possibility of their entrance from an unclean perianal region, as in Faust’s 
dog and monkey cases (see below), might also be kept in mind. 

A number of human cases comparable with those of Kobayashi have been 
recorded from Russia and Japan. Skrjabin et al. (1926) described Rhabditis 
schachtiella and R. donbass from faeces of coal miners in Russia, the latter 
species eight times; Dimitriu (1929) reported “Rhabditis sp.” from 2 of 488 
Russian miners; Schingarewa et al. (1928) described R. gracilis from human 
faeces, and Kudriavtsev & Schensnovich (1930) reported it from eight cases 
in 4632 examinations of children in Leningrad; and Watanabe (1922) described 
R. usui from the faeces of a man with diarrhoea in Japan. In no single instance 
of these reports of Rhabditis in human faeces is there incontrovertible evidence 
of actual establishment and multiplication in the human intestine. 

The means by which an erroneous suggestion of intestinal parasitism might 
arise is clearly indicated by the experience of Kreis & Faust (1933) who from 
time to time found rhabditids in the fresh faeces of dogs and monkeys which 
they were using in experimental work. Investigation showed that two pre- 
viously undescribed species of Rhabditis, R. macrocerca and R. clavopapillata, 
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were multiplying in the faeces-soiled hair in the perianal region of the animals, _ 
and occasionally on other parts of the body and even on the face. The report 
of Steiner (1929) of a new species of the related genus Cephalobus, C. aberrans, 
in the fresh faeces of a guinea-pig may have been due to a condition of this 
kind, or it may have been due to contamination from cage floors, utensils, or 
other means, as in the cases of Rhabditis hominis among laboratory animals 
cited by Sandground (1925). 

Infestation of the skin by rhabditid worms has been reported both from 
man and other animals. Nielly (1882) found larval rhabditids in itching 
papules on the skin of a boy in Brittany who had been suffering from them 
for 5 or 6 weeks. One or several larvae were found in each papule. Nielly, 
because he found small nematodes in the blood of the patient at the beginning 
of the illness, concluded that gravid parent worms might have been ingested 
with brook water and that the embryos had hatched, perforated the intestine, 
entered the blood stream, and finally settled in the skin. It is much more 
probable that they may have been larvae of parasitic nematodes which had 
invaded the skin of an abnormal host, although their size (3304 long) precludes 
their having been hookworm larvae in a case of creeping eruption. Many years 
later Whittles (1903) found nematode larvae in abscesses on various parts of 
the body of a girl, aged 19, in Birmingham, England; she aiso had a hyper- 
trophic gingivitis, and Whittles found the nematode larvae in the jaw 
lesion. He believed the infection to have been a case of craw-craw, and 
thought a filarial parasite had been imported by troops returning from South 
Africa. 

Infestation of the skin of dogs and occasionally other animals by Rhabditis 
has been observed repeatedly, both in Europe and in the United States. In 
some cases the animals have been mangy, but this does not appear to be a 
necessary condition. The species of worm involved, when determined, has 
been the common saprophagous R. strongyloides. The worms are found in 
itching pustules in the skin, particularly on the parts of the body which come 
in contact with the bedding; from 1 to 7 worms are found in each pustule. 
Chitwood (1932) has recently described the condition in dogs in the United 
States; he was able to demonstrate both adult and larval worms in the straw 
bedding on which the dogs had lain, but only larvae were found in the skin, 
and there was no evidence of multiplication. 

No instance of the establishment of rhabditid worms in the respiratory 
system of man or other mammals has yet been published, except in one of 
two cases of rhabditid worms in the venous blood published by Leisering 
(1865), in which 30-35 rhabditid worms were found in a pulmonary nodule of 
a dog at post-mortem. Leuckart assigned the worms to the genus Diplogaster, 
and Schneider expressed the opinion that they were pseudo-parasites which 
had invaded the blood after death. Chitwood (1933) cited two cases in which 
large numbers of Rhabditis were found in the lungs of dead salamanders, in 
one case R. terricola, in the other R. lucanii. The fresh condition of the bodies, 
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the large numbers of worms present, and their localization in the lungs suggest 
that the worms had probably established themselves before death. 

From this review of reported findings of rhabditid worms in vertebrate 
hosts, it is clear that in many of the cases there is not sufficient evidence of 
true parasitism; this applies particularly to all the intestinal cases. On the 
other hand there is clear evidence that the worms may occasionally establish 
themselves temporarily in the female urino-genital organs when a diseased 
condition exists in which albumen, pus, etc., are present in the urine. There 
is also clear evidence that the larvae may invade the skin and cause itching 
papules, although they do not reproduce. It is also evident that the stomach 
may be the site of establishment of rhabditid worms for considerable periods 
of time, providing there is an absence or paucity of hydrochloric acid. The 
occurrence of one particular species of worm, Diploscapter coronata, in nine 
successive cases of stomach infestations observed by us, and the possibility 
that the one previously recorded case, by Frese, was also caused by this worm, 
suggests that the ability to become parasitic in stomachs of low acidity may 
be a specific property of this species. There is little doubt but that the worms 
find entrance with uncooked vegetables, very likely radishes, carrots, onions, 
or other uncooked bulbs or tubers. As yet there is no definite evidence of a 
pathogenic effect. It has not been feasible to make a continued study of the 
cases we have discovered so far, but we hope in the future to find a case which 
can be followed and more fully investigated. 


SUMMARY 


A report is made of nine cases in which Diploscapter coronata was found, 
in great abundance and in all stages of development, in human stomachs 
containing little or no hydrochloric acid. A critical review is given of the 
literature of parasitism of vertebrates by rhabditid worms, and it is concluded 
that these worms may establish themselves and multiply in diseased female 
urino-genital systems as well as in hypohydrochloric stomachs, and may live 
as larvae in the skin, particularly when this is mangy, or multiply on the 
surface of the skin, but that the evidence of establishment in the intestine or 
respiratory system of mammals is still inadequate. 
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OBSERVATIONS ON A BODO-LIKE FLAGELLATE 
PERSISTENTLY OCCURRING IN THE FAECES OF 
A HUMAN BEING 


By B. M. DAS GUPTA anp H. CHATTERJEE 
From the School of Tropical Medicine, Calcutta 
(With 9 Figures in the Text) 


I. IntTRopDUCTION 


In June 1936 one of us (H. C.) at the suggestion of the late Col. Knowles 
undertook the study of the intestinal Protozoa of patients admitted to the 
Carmichael Hospital for Tropical Diseases. In order to gauge the value of 
different methods of examination for the detection of Protozoa in stools, the 
following procedures were adopted: Each specimen, collected within an hour 
and a half of being voided, was studied by 3 methods—(i) wet preparations in 
saline and iodine, (ii) smears fixed with Schaudinn’s fluid and stained with 
Heidenhain’s iron-haematoxylin, (iii) cultures made in Dobell and Laidlaw’s 
“HSre+S” medium. In course of this study one specimen gave a culture of 
a Bodo-like flagellate, although the direct smears from the stool were negative. 
It was thought that the organism was a contaminant introduced into the bed- 
pan from some external source. Two days later, another specimen collected in 
a different vessel gave a similar growth, so it was decided to examine a 
specimen as soon as it was passed. Accordingly a saline purgative was given 
at 8 o’clock in the morning and the first stool was available at about 11.30 a.m. 
It was collected in a Petri dish and examined immediately. The specimen 
showed scanty flagellates of similar type and a good number of amoebae of 
Endolimax nana. A fourth specimen examined on the 12th day after the first 
detection of the flagellate also gave a culture of the same flagellate and EF. nana. 
The patient could not be followed up any longer as he left Calcutta a few days 
later. 


II. CULTIVATION AND THE EFFECT OF TEMPERATURE 
UPON THE GROWTH OF THE FLAGELLATE 


Of the various media used such as Dobell and Laidlaw’s ‘‘ HSre”, nutrient 
broth, vegetable infusion, and Row’s haemoglobin saline, the last proved most 
satisfactory. In this a very luxuriant growth was obtained after incubation 
for 24-36 hours at 37° C. The flagellates grown at the temperature of the 
laboratory (17-26° C.) multiplied less rapidly but the cultures lasted longer. 
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No appreciable morphological difference could be made out in the flagellates 
grown at the different temperatures. Unlike the entozoic flagellates of the 
intestine this organism grows chiefly on the surface of the fluid medium and 
forms a scum consisting of a huge number of flagellates. In strict anaerobic 
condition it can hardly survive longer than 24 hours. Even during this period 
a great majority of them die out. 


III. IsoLATION OF A PURE LINE STRAIN 


As the flagellates vary enormously in shape and size (Figs. 1-3), it was not 
possible to say whether they were all variants of the same strain or belonged 
to different species. For this reason a pure culture was made from a single 
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Figs. 1-5. From preparations fixed with osmic acid followed by methyl alcohol and stained 
with Giemsa’s stain. 

Fig. 1. Slender form. 

Fig. 2. Intermediate form between Figs. 1 and 3. 

Fig. 3. Rounded individual. 

Fig. 4. Parabasal has divided. Nucleus still intact. 

Fig. 5. Flagellate in the final stage of nuclear division. 

Figs. 6-9. Flagellates fixed with Schaudinn’s fluid and stained with Heidenhain’s iron-haema- 
toxylin. 

Figs. 6 and 7. Normal individuals showing typical nucleus. 

Fig. 8. Late telophase. Centrodesmose still present. 

Fig. 9. Encysted form. 


(All figures were drawn with the camera lucida, x ca. 1500.) 


organism, isolated by the method advocated by Hegner and subsequently 
described by Das Gupta (1935). Although the technique seems quite easy, it is 
extremely laborious and demands a good deal of patience, since after inoculation 
of several tubes of media with single organisms only a very small percentage 
gives positive cultures. Probably during the manipulation involved in the 
procedure the vitality of the organism is so lowered that it becomes incapable 
of further multiplication. 
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Observations on a Bodo-like flagellate 


IV. STAINING METHODS 


The stains used were Heidenhain’s iron-haematoxylin, Leishman’s and 
Giemsa’s stain. Flagellates grown on Dobell and Laidlaw’s ‘HSre” medium 
were better fixed than those on any other media mentioned above, as it con- 
tains egg albumen in the fluid part. Heidenhain’s method presented a true 
picture of the nucleus, whereas the flagella were better seen in the preparations 
stained with Leishman’s or Giemsa’s stain. 


V. DESCRIPTION OF THE FLAGELLATE 


The flagellates are exceedingly variable in form. They may be cylindrical 
with both ends rounded (Fig. 7), oval (Fig. 2), or rounded (Fig. 3), or may be 
rounded at the anterior end and tapering to a point posteriorly (Fig. 1). 
Intermediate forms (Fig. 6) also occur. The dimensions of this organism, based 
on the measurement of 50 unselected individuals from the same culture, is 
9-75-13-5 uw x 6-75-8-25u, while rounded forms measure from 6-75 to 7-5y in 
diameter. The measurements were made from smears exposed to the vapour 
of 4 per cent osmic acid for 20 sec. By this method more accurate measurement 
can be obtained as in the stained preparation a certain amount of shrinkage 
and distortion is unavoidable. 

The nucleus in the elongated forms lies in the anterior third of the body, 
and in the oval or rounded individuals it is more or less central. In dry fixed 
smears stained by any of the Romanowsky stains, it appears as a pink mass, 
but in wet fixed preparations stained with iron-haematoxylin its true structure 
can be determined. It is spherical and vesicular and has all the chromatin 
collected into a large karyosome which has a clear zone around it, surrounded 
by a faintly staining nuclear membrane (Figs. 6 and 7). The size is nearly 
constant, being about 2-2-2-5y in diameter. An oval or spherical parabasal 
body lies at the anterior end. In preparations stained with Leishman’s or 
Giemsa’s stains it takes on a deeper stain than the nucleus (Figs. 1-5). There 
are 2 flagella which are approximately equal in length. They arise from the 
basal granules lying very close to each other. One flagellum is directed forwards 
and the other trails behind. At the anterior end of the body a small beak-like 
projection can be seen (Fig. 2). A small contractile vacuole, situated close to 
the cytostome, can be well observed when the flagellate is alive. Food vacuoles 
containing bacteria are present chiefly in the posterior part of the body. 

The cysts are small spherical bodies (Fig. 9). They measure from 6-5 to 
7 in diameter and contain a nucleus and a parabasal. 


VI. Discussion 


The general opinion is that flagellates of the genus Bodo, like other copro- 
zoic Protozoa, occur commonly in stagnant water, vegetable infusions, air and 
soil, etc., so their presence in stools and urine is invariably the result of the 
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development of cysts which have been introduced into the material from 
extraneous sources or have been ingested and passed through the intestine. 
Many observers have claimed to have seen Bodo-like organisms in faeces and 
urine. None of these observations is at all satisfactory. For example, Kessel 
(1928) found active trophozoites of Bodo edax in the caecum of a monkey at 
autopsy. But the diagram of the flagellate given by this worker is far from 
convincing, as it does not possess a parabasal and the nucleus contains a tiny 
central karyosome in marked contrast with the massive one in the nucleus 
of the genus Bodo. Furthermore, many of the published accounts are not 
adequate enough to enable one to identify the described organism with absolute 
certainty. On the other hand Powell & Kohiyar (1920) have recorded the 
occurrence of a Bodo-like organism in the urine. The flagellate was present in 
the urine drawn aseptically from the bladder of a Parsi clerk in India. The case 
was repeatedly examined during a period of 5 years and the flagellate was 
found on each occasion. Wenyon, who has examined some of the fixed materials 
sent to him by these observers, is of opinion that it is actually a species of 
Bodo. 

Knowles & Das Gupta (1924) have found a species of Bodo in the saliva 
from the human mouth. It was seen on three occasions between 18 August and 
27 October. 

Shortt (1925) has reported the occurrence of a flagellate belonging to this 
genus in the rectum of the sandfly (P. minutus) in India. 

Sinton (1912) has noticed that “‘ Bodo urinarius” is killed within 1 or 
2 hours at a temperature of 37° C. 

Dobell & O’Connor (1921) have observed that the flagellates of the genus Bodo 
are unable to live long in culture at 37°C. But the organism referred to in this 
paper undergoes more rapid multiplication at 37° C. than at lower temperatures, 
although morphologically and in some physiological properties (i.e. its affinity 
for oxygen, as evident from its growth on the surface of the fluid medium) it is 
indistinguishable from the flagellates of the genus Bodo. This unusual feature 
exhibited by the organism may be explained by the fact that the protozoon 
has adapted itself to the environment of the human intestine and has thereby 
been able to multiply at the temperature of the human body. It may be noted 
in this connexion that Dujardin (1841) found a flagellate in sea-water infusions, 
which he named Trepomonas agilis. A similar organism was found living 
coprozoically in human faeces by Wenyon & Broughton-Alcock (1924). Das 
Gupta (1935a) has recorded the occurrence of a T'repomonas sp. in the caecum 
of 3 American turtles. It appears, therefore, that Trepomonas may have both 
a parasitic and a free-living existence. From the above analogical observation 
and on the basis of our own findings we are inclined to believe that the flagellates 
of the genus Bodo may sometimes live “parasitically” in the human intestine, 
although they are primarily free-living organisms. 
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VII. Summary 


A flagellate of the genus Bodo is described, which was found in the faeces 
of a man on 4 occasions during a period of 12 days, sources of extraneous 
contamination being excluded from the last 3 specimens. Although mor- 
phologically it is identical with Bodo, it differs from other known members of 
this genus in that it multiplies more readily at 37°C. than at lower tem- 
peratures. 
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A NEW UNARMED CYSTICERCOID, CYSTICERCUS 
SETIFERUS 
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Beltsville, Maryland, U.S.A. 


(With 5 Figures in the Text) 


Durine the spring, summer, and autumn of 1935 and 1936, bi-weekly collec- 
tions of invertebrates were made in the chicken yards of the Zoological Division 
Field Station at Beltsville, Maryland, U.S.A. Among a miscellaneous group of 
‘ insects found near a feed trough on 15 July 1935, was a small beetle, Litargus 
sp.! This insect contained two specimens of a peculiar bristly cysticercoid. In 
September 1936, five beetles, Alphitophagus bifasciatus, collected in the same 
chicken yards, each contained from 1 to 8 of these larval cestodes. Additional 
specimens of what appear to be the same cysticercoid were collected by 
Dr H. L. Van Volkenberg (1931) (U.S. Nat. Mus. Helm. Coll. Nos. 41673 and 
41672) on 10 July 1934 and 4 April 1935, respectively, from Ataenius stercorator 
at Mayaguez, Puerto Rico. A comparison of both in toto mounts and sections 
of the specimens from Puerto Rico with those from Maryland showed that the 
larval cestodes are identical. The name Cysticercus setiferus is proposed for this 
species. 


Cysticercus setiferus n.sp. 


Description. Body including tail (Fig.1) 0-5-1-15 mm. long by 0-2-0-4 mm. 
wide. Head 55-75 in diameter with four well-developed suckers 30-45, in 
diameter; rostellum lacking. Cysticercoid (head enclosed in bladder) 80-150 u 
long by 60-125 wide. Anterior bladder wall contains calcareous corpuscles. 
Setiferous covering very thick, yellow, 200-400 long by 100-250y wide, 
composed of (1) an inner heavy fibrous lining, (2) an intermediate network of 
thin loose strands, and (3) an outer layer of dense setae 15-35 long. Caudal 
covering hyaline, lacking an invagination path and composed of (1) an anterior 
part surrounding the setiferous covering and (2) a tail 200-450 p long containing 
embryonic hooks 18» long. 

Hosts. Alphitophagus bifasciatus Say, Litargus sp. and Ataenius stercorator 
Fab. 

Location. Thoracic and abdominal cavities. 

Distribution. Beltsville, Maryland, U.S.A., and Mayaguez, Puerto Rico. 


1 All of the writer’s specimens were identified by workers at the U.S. National Museum. 


= 


62 A New Unarmed Cysticercoid, Cysticercus setiferus 


Specimens. U.S. Nat. Mus. Helm. Coll. Nos. 40331 (type), 40332, 39790, 
41672 and 41673. 

The head or larva proper consists of four suckers with only a small amount 
of connecting tissue (Fig. 3); repeated search failed to reveal any indication of 
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All figures were drawn with the aid of a camera lucida. Abbreviations: b = bladder; c=inner 
wall of bladder; d=outer wall of bladder; h=head; 1=lining of setiferous coat; s=base cells 
of setae. 

Fig. 1, in toto mount; Fig. 2, longitudinal section, caudal coat removed; Fig. 3, cross-section 
through head; Fig. 4, embryonic hooks; Fig. 5, details of setae from section. 


a rostellum. Sectioned material shows that the connexion between the head 
and bladder is very short and that the bladder is thin walled. In living speci- 
mens the larva nearly fills the bladder making the invagination cavity very 
small and difficult to see. The cysticerocoid proper is only about one-sixth the 
length and one-third the width of the entire cyst and represents only a small 
part of the entire structure. The writer did not observe any larva which 
evaginated from its bladder, even when subjected to pressure. The bladder 
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does not lie freely within the setiferous coat but is suspended anteriorly by 
strands of tissue extending outward from the invagination path (Fig. 2). 

The setiferous coat is the innermost, heaviest and most conspicuous of the 
two coverings. The “setae”, as they are designated in this paper because of 
their resemblance to insect setae, form the external layer of the setiferous coat. 
Each seta is composed of a tapering shaft and a basal cell containing a granule 
which resembles a nucleus (Fig. 5). The setae probably secrete a mucoid 
substance since a layer of such material surrounds the setiferous covering. The 
setiferous coat is tough and does not allow liquids to pass through it easily; all 
attempts to stain the cyst in toto were unsatisfactory. In contrast to the 
setiferous coat, the caudal covering is soft and easily torn. Ordinary handling in 
the course of dissection of a beetle frequently causes this covering to split, 
leaving the cysticeroid in its tough protective sack, the setiferous coat. The two 
parts of the caudal coat are separated by a constriction, along which the 
setiferous coat is attached to the tail (Fig. 1). No nucleated cells are distinguish- 
able in the caudal covering; the latter consisting of only loose strands and an 
external membrane. The embryonic hooks are sometimes lacking but when 
present, they are always found in the tail, indicating that the caudal covering 
is formed by the larva and not by the intermediate host (Fig. 4). 

It appears that Cysticercus setiferus can be differentiated from all other 
cysticercoids reported heretofore by the following group of characteristics: 
(1) the presence of two heavy coverings external to the cysticercoid proper, 
both of which are formed by the larva; (2) the presence of a thick layer of 
setae on the inner covering; (3) the small size of the cysticercoid proper in 
comparison to the entire cyst; and (4) the lack of a rostellum. 


INFECTION EXPERIMENTS 


Since the beetles from which C. setiferus was obtained were found in chicken 
yards, birds were tested first as possible definitive hosts. Six cysticercoids, 
freshly dissected from Alphitophagus bifasciatus, were fed to a young canary 
and one cyst from the same species of beetle was fed to a young chick. Upon 
post-mortem examination, both birds were found to be free of helminths. 
Since no additional infested beetles could be found, feeding experiments had 
to be discontinued for that season. Because of frequent post-mortem examina- 
tions of both chickens and invertebrates from the previously mentioned yards, 
the writer was familiar with the species of cestodes present in these animals. 
The larvae of all the chicken tapeworms known to occur in these yards have 
been described, and none of them resemble the form described in this paper. 
These observations indicate that the adult of this species is undoubtedly not 
a common parasite of chickens. 

Cysticercus setiferus was found by Van Volkenberg! in Ataenius stercorator 


1 In a personal communication Dr Van Volkenberg states: “I fed these cysts to a calf with 
negative results. Also fed large numbers. of the beetles to calves and kids with negative results. 
Also fed the adult beetles and the larvae with the ova of Monieza expansa with negative results. 
Thus Monieza expansa can be eliminated from consideration.” 
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while searching for some clue to the life history of Monieza expansa, a cestode 
of common occurrence in cattle and sheep. 

In spite of these attempts to determine the life history, the final host of 
Cysticercus setiferus is still unknown. Many different vertebrates might 
occasionally be present in the previously mentioned chicken yards and the 
fact that this cysticercoid was found in the same place at different times 
indicates that the primary host is probably one of these occasional visitors to 
the chicken yards. 
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In the course of work on populations of lice, some of which has already been 
reported (Buxton, 1936), I required to know what proportion of the larvae 
which were found belonged to each of the three instars. Much difficulty has 
been experienced in defining the points of distinction, and it may be that the 
results which are here reported will prove valuable to others engaged on similar 
studies. The work has also some general interest as a study of the growth of 
an insect of which the metamorphosis is slight; in order to make it more com- 
plete in that respect, the scope has been extended to include the adult insect. 


HISTORICAL 


The anatomy of adult lice began to receive attention many years ago, but 
it is only rather recently that the structure of the larvae has been examined 
and figured. Fahrenholz (1912) distinguished the first stage and figured the 
abdominal chaetotaxy fairly accurately, but he failed to discover that there 
are two subsequent larval stages. This failure shows that the points of distinc- 
tion are not very striking, and is perhaps due to the fact that his material was 
derived from wild populations, because he could not breed his insects. It 
appears that the first investigator who succeeded in rearing Pediculus from egg 
to adult was Warburton (1910), and it was he who first recorded that there are 
three larval stages. Shortly after that Patton & Cragg (1913), breeding the 
insect in Madras, also observed the three stages and figured them. In Hindle’s 
investigations, carried out in 1912 and published in 1919, the three stages were 
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clearly identified and facts about their duration were recorded. Similar ob- 
servations were made by Sikora (1915), Miiller (1915), Hutchinson (1918), and 
Swellengrebel (1918): Nuttall (1917), in reviewing existing knowledge of the 
subject, expressed the view that three larval instars were invariable. Sikora 
and also Miiller recorded that a moult occurs within the egg, but this is omitted 
from the reckoning. 

But though it has been established for some time that there are three larval 
instars, our knowledge of the points of distinction between them remains im- 
perfect, and from the fact that several careful observers failed to distinguish 
the second and third stages, it may be concluded that the differences are not 
very great. Patton & Cragg (1913) found that the principal difference was in 
size: their Plate 69 also shows a progressive increase in the length of thorax 
and abdomen in comparison with that of the head. The matter was gone into 
thoroughly by Miiller (1915), who published the most complete account which 
we possess. He figured all three larval stages and gave particular attention to 
the dorsal chaetotaxy, showing that very definite differences can be discovered 
between the instars (see below): he also pointed out that the size of the ab- 
domen relative to the head increases in each instar, but that it also grows 
during an instar. Hase (1915) figured the dorsal and ventral aspects of the 
first larval stage, but supplied no information about later instars. In his later 
work the same author (Hase, 1931) published figures of the dorsal view of the 
three instars, remarking that they could easily be distinguished by the number 
and position of the setae, without entering into further explanations. An ex- 
amination of his figures suggests that useful points of distinction might be 
found in the setae on the dorsal surface of the head and of the abdomen. The 
dorsum of the first instar has been figured in colour by Keilin & Nuttall (1930), 
who also give line drawings of all three larval instars (dorsal). 

One might summarize the preceding information on the larval instars of 
Pediculus by saying that it is established that there are differences in the pro- 
portion of head to thorax and abdomen, but no figures have been published 
about the range of variation in this respect, and it is not known whether an 
individual specimen can be referred to its instar by studying measurements and 
ratios. It is also known that there are considerable differences in chaetotaxy 
between the instars, but the matter requires further study, and it is not clear 
whether the differences would be easily appreciated in preserved material or in 
specimens which have been treated with alkali. 

With regard to early instars of other Anoplura, little has been recorded. 
Enderlein (1905) gave a description of the adult Polyplax spinulosa and re- 
corded that the larvae could easily be recognized as those of Polyplaz, and that 
they possessed only one pair of setae on each tergite and sternite near the mid- 
line, except that on the abnormally long second abdominal segment there were 
two pairs of such setae. It is evident that Enderlein was describing the first 
larval instar of the insect. Florence (1921) gave a full account of Haematopinus 
suis. She observed that there were three larval instars, and that at each suc- 
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cessive moult the thorax and abdomen became larger, relatively to the head: 
also that at successive moults the chitinous pleural plates became larger. The 
joint between the tibia and tarsus appeared only at the last moult. It was also 
recorded that a considerable amount of growth takes place during the course 
of an instar. In several respects no difference could be found between larvae 
and adults; for instance, at all stages there were five antennal joints and nine 
abdominal segments. 


QUALITATIVE CHANGES DURING GROWTH 


The material from which these notes were made was a strain isolated from 
a shirt in London; in size and antennal character the lice presented the 
characters of Pediculus humanus corporis. 

Chaetotaxy. Figures published by previous workers suggest that differences 
exist between the three instars in the chaetotaxy of the dorsal surface of the 
head. Study of a series of specimens leads me to the conclusion that though 
differences may be found, they are very slight, and that it would be no easy 
matter to use them to discriminate between the instars. The figures given by 
Keilin & Nuttall (1930) are much more accurate than those of Hase (1931). 

The figures of Miiller (1915), Keilin & Nuttall (1930), and Hase (1931) show 
that there are differences in the chaetotaxy of the dorsal surface of the ab- 
domen of the three larval instars, but we do not know to what extent the 
differences vary or whether they can be used with confidence in referring a 
specimen to its correct instar. I have only given attention to the dorsal side 
of the abdomen and for the most part to the segments which bear the first and 
last spiracle, which are believed to be the third and eighth abdominal segments 
(see below). On the abdominal segments in all instars there are one or two 
lateral hairs close to the upper edge of the paratergal plate, and there is a row 
of median hairs across the back. The number of pairs of lateral and median 
hairs is as follows: 


Segment 3 Segment 8 
Instar Lateral Median Lateral Median 
I 1 1 1 1 
II 2 2 2 3 
Ill 2 4-5 (3 rarely) 2 3 and 1 minute 


It is easy to distinguish the first instar by the chaetotaxy of the abdomen, of 
which the setae are few, relatively long, and arranged in longitudinal lines. 
But it is more difficult to distinguish the second from the third instar, par- 
ticularly as the third instar is rather variable. In two particulars, however 
(apart from the number of pairs of setae), these instars are quite distinct. On 
the third segment and those which follow it the setae in the third instar are 
never placed in one row, one or more of them being displaced to a position in 
front of the others; in this respect it will be seen that the louse in its last larval 
stage shows a tendency to resemble the adult. The second point of distinction 
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is that on the eighth segment of the third instar there is an additional pair of 


minute setae close to the mid-dorsal line, in line with the other members of the 
row. These setae, though minute, are easily seen with a 4mm. objective. 
A pair of similar but slightly larger additional setae may be observed in a 
similar position on segment 7. These two points of distinction between instars 
II and III have not previously been recorded. 

It is hardly necessary to describe the abdominal chaetotaxy of the adult. 
The setae are not only more numerous, but irregularly disposed in several ill- 
defined transverse rows in both sexes: the irregularity is greater in the females 
than the males. 

Spiracles. In larvae of all instars and in adults the number of functional 
spiracles is the same, for there is one pair on the thorax and six on the ab- 
domen. Even in larvae of the first instar one may observe that the structure 
of the spiracle is apparently as elaborate as in the adult, and as air can be seen 
in the tracheae leading to each spiracle, it is clear that all of them are functional. 
It is hardly relevant to discuss which abdominal segments carry these six 
spiracles. I propose to accept the view of Prof. G. F. Ferris, who writes: 
“ According to my way of looking at it the spiracles in the sucking lice are on 
the third to eighth segments. This is based in part on the assumption that the 
female genital opening is between the eighth and ninth segments—which is the 
normal position in most groups of insects—and also taking into consideration 
the segmentation in such genera as Hoplopleura where the presence of de- 
finitely developed paratergal plates defines the segments very sharply. In this 
genus there is what is apparently a small, but very well defined, paratergal 
plate for the first segment.” 

Larvae in the first instar differ from others in possessing no paratergal 
plates, the abdominal spiracles being surrounded by an area of soft cuticle 
covered with minute rugae. In the second instar, as in the third, the paratergal 
plates on the third and eighth abdominal segments are regularly defined, as 
can be seen particularly clearly if one examines a moulted skin. 

Antenna. In the antenna in larval instars I-III there are well-defined 
articulations between the first and second joint, and between the second and 
the part which follows; this part is itself without articulations, though external 
constrictions divide it into three portions. The antenna of the larva is therefore 
3-jointed. In adults, on the other hand, the antenna is 5-jointed. This dif- 
ference was correctly described by Landois as long ago as 1864. In Haemato- 
pinus suis the antenna is 5-jointed even in the first instar (Florence, 1921). 

Tibio-tarsal joint. This articulation is clearly marked in all legs and all 
instars. In this respect Pediculus differs from Haematopinus suis in which this 
joint is only developed when the insect becomes adult (see Florence, 1921, text 
and figures). 

Internal. In larvae in the first, but not in later, instars, it is generally 
possible to see opaque masses, doubtless of excretory material deposited in fat 
body. In some individuals these masses are much more conspicuous than in 
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others. They occur in many parts of the insect, frequently in the back of the 
head, and they are conspicuous in living larvae examined in water, or in 
specimens mounted in balsam. 

Miiller (1915) remarks that the diverticula on the front of the midgut often 
extend into the base of the legs in the first instar, but never in subsequent 
instars. If one examines living material, uncompressed, it will be found that 
the phenomenon is very irregular, and not common. 


QUANTITATIVE CHANGES DURING GROWTH 
Gross measurements 


Before proceeding more deeply into the matter, it might be interesting to 
discover whether the three larval instars could be readily separated by 
measuring the total length. An opportunity of testing this presented itself 
when a heavily infested shirt was received from a cleansing station in London. 
The shirt was divided into small pieces, each of which was searched till it was 
free of lice; there was therefore no tendency to select the larger insects. The 
process occupied several days, so that the lice became more and more hungry, 
and perhaps for that reason shorter. The method was in this respect very crude. 
Each insect was dropped into spirit and subsequently measured, adults being 
omitted. The results are presented in Fig. 1, which is based on 1640 larvae. 
The curve shows three peaks, corresponding to the three larval instars, but it 
is clear that there was a considerable amount of overlap, and that if one relied 
on length many larvae could not be assigned to an instar. The measurements 
for males and females hardly concern us: many males and a few females were 
shorter than some of the largest larvae of the third instar. 

It appears then that it is necessary to go more fully into the matter if 
reliable points of difference between instars are to be found. 


Measurements of parts 


The material which was used in the investigations described below was bred 
for many generations in the laboratory, having been derived originally from a 
garment from London. The adults present the characters of Pediculus humanus 
corporis in size and the structure of the antennae. All the specimens which 
were used for purposes of measurement were allowed to feed after emerging 
from the egg or after moulting. They were then starved for 24 hours at room 
temperature and killed by hot water, which caused them to die with the legs 
extended. They were mounted in Canada balsam without pressure. 

No attempt was made to preserve or measure freshly moulted specimens, 
and I have no information about the individual’s growth during an instar. 
All the adult females measured had lived at least 2 days, and their abdominal 
development appeared to be complete. 

All measurements were taken from the mounted material. Considerable 
difficulty was experienced in finding precise points from which measurements 
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might be taken. There is, for instance, no exact mark at the back of the head, - 
and no sharp line separating thorax from abdomen in larval lice. Eventually 
the following standard measurements were carried out on all the specimens: 
(1) Length of head measured from the extreme front of the head, excluding 
mouthparts, to the base of a V-shaped depression in the front of the thorax 


20- 


_ 
1-0 1*5 20 25 
Total length (mm.) 
Fig. 1. Showing frequency distribution of total lengths of 1640 larvae of Pediculus humanus 
corporis. 


(Fig. 2). The measurement is not a satisfactory one because it depends to some 
extent on the retraction of the head towards the thorax. 

(2) Breadth of head at the level of the eyes, including the convexity of the 
cornea. This is a good measurement, easily carried out between precisely 
defined points. An occasional specimen cannot be measured as the head is not 
lying flat. 

(3) Length of thorax and abdomen measured in the midline from the front of 
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the thorax to the extremity of the abdomen. The measurement in itself is easy 
to carry out, but is perhaps slightly unnatural in specimens which have been 
starved for 24 hours because the gut is by that time nearly empty and the 
abdomen perhaps shorter than it would be immediately after a meal. More- 
over, one may suppose that in the females the development of the ovaries may 
affect the measurement and make a difference between freshly emerged and 
fully mature insects. 


Fig. 2. Outline of head and front of thorax showing the points between which the measurements 
of “head length” were taken. 


Fig. 3. Outline of part of leg, showing the points between which the measurements for “length 
of third tibia’’ were taken. 


(4) Length of tibia (Fig. 3). The third tibia was selected and the measure- 
ment taken along the anterior margin from the base, which is generally covered 
by the extremity of the femur, to the line separating the tibia from the tarsus, 
which is easy to discern in all instars. It was clear that the tibia of the first leg 
should not be selected for measurement owing to the considerable structural 
differences which develop between male and female; the third was chosen be- 
cause it was assumed, erroneously, that it would not show secondary sexual 
characters. 
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From what has been said it seems that the length of the head and of the - 
thorax and abdomen together are not very satisfactory measurements. The 
breadth of the head and the length of the tibia are easy to measure, and as the 
structures are rigid one may assume that the dimensions are not likely to be 
altered by nutrition, posture, etc. 

The measurements obtained are shown in Table I. 


Table I. Giving certain dimensions (mm.) of successive larval 
instars and adults of Pediculus humanus corporis 


Stage 1 Stage2 Stage3 
Number examined ... as a 20 32 22 103 26 

Head length: Mean 0-336 0-381 0462 0-513 0-553 
Standard deviation 0-020 0-020 0-021 0-034 0-028 

Coefficient of variation 6-0 5-2 46 6-6 5-1 
Maximum 0-369 0-420 0-508 0-560 0-589 
Minimum 0-302 0-341 0413 0440 0-471 
Head breadth: Mean 0-281 0-327 0-377 0-437 0-470 
Standard deviation 0-018 0-0126 0-023 0-016 0-014 

Coefficient of variation 6-4 3-9 6-1 3-7 3-0 
Maximum 0-307 0347 0-444 0-474 0-495 
Minimum 0-253 0-302 0-338 0-389 0-435 
Thorax and abdomen length: Mean 0-931 1-347 1-976 2-176 2-693 


Standard deviation 0-116 0-123 0-107 0-152 0-277 
Coefficient of variation 12-4 9-1 54 7-0 10-3 


Maximum 1-120 =1680 2-200 2-48 3-24 
Minimum 0-710 =1-730— 1-81 1-90 
Total length: Mean 1-268 1-728 2-438 2-691 3-246 
Standard deviation 0-125 0-141 0-124 0-183 0-296 
Coefficient of variation 9-9 8-2 5-1 6-8 9-1 
Maximum 1-484 2-100 2-660 3-029 3-817 
Minimum 1-052 1-520 2-207 2-256 2-371 
Third tibia length: Mean 0-197 0270 0-363 0-408 0-377 
Standard deviation 0-010 0-011 0011 0020 0-016 
Coefficient of variation 5-1 4-1 3-3 49 4:2 
Maximum 0-213 0-289 0-386 0-449 0-405 
Minimum 0-178 0-249 0-333 0-360 0-352 
Variability 


Consideration of Table I suggests that if one desired to make use of measure- 
ments in order to discover the stage to which a particular immature specimen 
belonged, some difficulty might be encountered. For instance, though the 
number of specimens measured is not very great, there is occasional over- 
lapping between successive instars, as in the measurements for head length. 
If more specimens had been examined the amount of overlap might have been 
greater. In several other instances there is no actual overlapping, but the 
measurements of the extremes of different instars are very close to one another. 
For instance, in the figures for the length of thorax and abdomen, the largest 
individual in the first instar measured 1-120 mm., the smallest in the second 
1-140, a difference of under 2 per cent. Similarly, the difference in total length 
between the largest larva of the second instar and the smallest of the third is 
only about 5 per cent. On the other hand, if one considers the measurements 
of the third tibia it will be seen that the difference is greater, even between 
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those individuals of different instars which most nearly approach one another; 
both between the first and second, and second and third instars, the difference 
is 15 to 17 per cent. Overlap in size between larvae of the third instar and 
adults, or between adults of the two sexes, is of little practical importance, for 
males and females can be so readily distinguished by other characters (Nuttall, 
1917). One may, however, observe that in very nearly all measurements the 
largest third-stage larvae exceed the smallest males and females; between males 
and females the measurements overlap in nearly every particular. 

It is only with unusually large or small individuals that any difficulty 
occurs, for the mean values for all measurements in successive stages are clearly 
separate from one another; indeed, the differences between means are so great 
that any test of significance appears almost superfluous. It might, however, 
be of interest to apply the customary test for the significance of the difference 
between means to the figures for head length (in which we have already re- 
marked some overlapping among the extremes in larval instars). Applying this 
test, it is found that the difference between mean head length in stages 1 and 2 
is 0-045 mm. and its standard error 0-0057. The difference is therefore about 
seven times its standard error, which is to say that it is clearly significant. For 
the mean head length of stages 2 and 3 the significance is even greater, the 
difference being about fourteen times its standard error. The difference be- 
tween males and females in head length is also significant, being about seven 
times its standard error. 

It is not without interest to study the variability stage by stage and 
measurement by measurement, using for this purpose the coefficient of varia- 
tion, i.e. the standard deviation expressed as a percentage of the mean 
(Table I). In doing so one may assume that some of the variability is inherent, 
but that some of it is due to the difficulty of defining the exact point from which 
certain of the measurements were taken. As has already been explained, it is 
more difficult to make a satisfactory measurement of head length than of head 
breadth; one would therefore expect that the coefficient would be larger in the 
figure for head length, but this is not so, at least for the larval stages; in the 
adults, however, head breadth is considerably less variable than head length. 
It would also be expected that inasmuch as the length of third tibia is easy to 
measure accurately, the variability in that measurement would be low, but in 
fact the coefficients of variation in the length of the third tibia are only a little 
less than those of the length of the head. The length of thorax and abdomen is 
clearly a very variable character, at least in the first two instars; this may be 
due to the fact that the abdomen is capable of expansion and that the insects 
contain different amounts of blood at the time when they are killed. In the 
adult female there may be much variation due to development of ovaries. The 
high variability of the total length presumably depends on that of the abdomen, 
which forms so large a part of it. | 

It will be seen that there is a general decrease in the coefficients of variation 
at each successive moult. This decrease is so frequent that one can hardly 
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suppose that it is due to chance, though there are a few exceptions.! It seems 
curious that larvae in the third instar should be less variable than the others, 
for they will shortly moult into adult males and females, which differ con- 
siderably from one another. Though there appears to be a tendency for the 
coefficient of variation to get less in successive larval instars, it is not further 
reduced in adult males and females. 


Changes in proportion during growth 
Table I gives the following means in millimetres for head breadth in 
different stages: 
Instar Instar Il Instar III 3 2 
0-281 0-327 0-377 0-437 0-470 
If we take the head breadth of the first stage as 100 that of the second is 
116-5; similarly, if we take the second stage as 100 that of the third is 115; and 
taking the third stage as 100 the head breadth of the male is 116, that of the 
female 124-5. Proceeding similarly with all the means given in Table I one 
attains the factors for relative growth set out in Table II. 


Table II. Giving the relative growth of parts of Pediculus humanus corporis. The 
figures are based on means given in Table I, and give the percentage increase 
from stage to stage 


Stage ILL 
Stage I Stage II to 
to to 
Stage II Stage III 3 2 
Head length 113-5 121 lll 120 
Head breadth 116-5 115 116 124-5 
Thorax and abdomen length 144-5 146-5 110 136-5 
Total length 136 141 110-5 133 
Third tibia length 137 134 112 104 


Considering first the factors for larvae, two conclusions will be drawn; 
growth is regular and on a geometrical ratio through larval life (in other words 
it follows the law first described by Dyar (1890) for caterpillars of Lepidoptera) : 
different parts of the insect grow at very different rates. The table also shows 
that when insects become adult the increase in the males is less than that in 
the females in all measurements except the length of the third tibia. In this 
measurement the male is not only relatively, but absolutely, greater than the 
female (Table I); in females therefore the relative increase of the third tibia 
is very little. 

The proportionate length of head and body. We may now give particular 
attention to the relative growth of head and of thorax with abdomen, and to 

1 Larsen (1930) shows that the coefficient of variation of certain (but not all) dimensions of 
Notonecta falls from the first instar to the third or fourth, increasing in the fifth, which is the last 
larval instar. Spett (1930), working on the grasshopper Chorthippus, makes use of the coefficient 
of variation and of a formula for its standard error. He concludes that the first instar is signifi- 
cantly more variable than the second or third, but that variability rises significantly in the fourth 


and fifth (the last larval instar). He quotes a Russian paper, which I have not consulted (Zuitin, 
1926), showing that Dixippus is also highly variable in the first instar. 
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consequent changes in the ratio of these parts to one another. Change in this 
ratio is believed to have some practical value in separating the instars, and 
several authors have already called attention to it in their figures or their text 
(Patton & Cragg, 1913; Miiller, 1915; Keilin & Nuttall, 1930). Working with 
the original data (not with the means given in Table I), one obtains the 
following mean ratios, the length of head being counted as unity in each case. 
Instar I II Ill 3 4 
Ratio 2-77 3-52 4-29 4-24 4-86 
The figures show that there is a considerable increase in the (mean) relative 
length of thorax and abdomen in the three successive larval instars, that the 
ratio for the male is substantially the same as that for the third instar, and 
that the ratio for the female is again increased. But whether one could use 
this ratio for the practical purpose of separating larvae correctly into three 
instars depends not on the mean values but on the individual scatter about 
them. All the individual points have been plotted in Fig. 4, a study of which 
shows that one could successfully refer nearly all the specimens examined to 
the correct instar, though some difficulty would be experienced in a few cases. 
As the matter has considerable interest, both practical and theoretical, it 
appears desirable to publish not only the mean ratios given above, but also 
statistical information about the consistency of the individual figures about 
the means; this is given in Table III. It will be seen that there is considerable 
overlap between extremes. 


Table III. Giving the mean ratio of head length to length of thorax and abdomen 
(head length =1), and an indication of the consistency of the individual ratios 
about their means: Pediculus humanus corporis, all instars and both sexes 


StageI  StageII Stage III 3 
Number examined _ 20 32 22 102 26 
Mean ratio 2-769 3-520 4-286 4-240 4-863 
Standard deviation of ratio 0-279 0-282 0-295 0-281 0-401 
Maximum 3-08 4-11 4-78 5-20 5-61 
Minimum 2-08 2-95 3-63 3-58 3-88 


Fig. 4 and Table III show a considerable degree of inconsistency among the 
individuals within one instar, and it is perhaps of interest to compare the 
figures that have been published by previous authors. This I have done by 
measuring their illustrations and working out the proportion of head length to 
length of thorax and abdomen. The figures obtained are as follows: 


Patton & Cragg Miiller Keilin & Nuttall 
(1913) (1915) (1930) 
Instar I 2-29 3-25 2-51 (Pl. IV) 
Instar IT 3-42 3-78 3-78 (Pl. V, 4) 
Instar III 3-67 5-00 3-83 (Pl. V, 5) 


From these figures one might warrantably draw the conclusion that though 
the work was doubtless accurate, some of the authors made their figures from 
specimens which were far removed from the normal. 


Length of head (mm.) 
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The fact that the head of Pediculus is relatively large in the first instar was 
noticed by Hase (1931). He suggested that as lice at all stages must pierce skin 
and suck blood the length of mouth parts (and consequently to some extent of 
head) could not be much less in the early instars than in the adult. But surely 
the phenomenon is one of almost universal occurrence, throughout the animal 
kingdom. It is generally accepted that it is due to the existence of the growth 
gradient, and no particular explanation of its occurrence in Pediculus appears 
to be necessary. 

Relative growth of several parts. Let us pass to the more general study of the 
relative growth of several parts of the insect. This is a subject of considerable 
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Length of thorax and abdomen (mm.) 

Fig. 4. Showing the relation of length of head to length of thorax and abdomen, in individual larvae 
of the three instars. The instars are distinguished by different symbols, and the means for 
each instar are shown by circles. The individual larvae which are shown on this graph are 
those on which Table I was based. 


theoretical interest, and Pediculus is in many ways an excellent object for 
study. It is readily obtainable and easily reared under uniform conditions; 
it has invariably three larval instars; its metamorphosis is slight and as it is 
quite apterous, no disturbance of the dimensions of the thorax, owing to de- 
velopment of wing muscles, is to be expected. But in one respect it is not a 
suitable insect; it would be difficult to study growth in weight, not only because 
the louse is very small, but because it takes relatively large meals of blood. 
One must therefore limit oneself to studying growth in linear dimensions. 

One might express the information given in Table II in a rather different 
way, saying that inasmuch as growth from stage to stage is on a geometrical 
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ratio, and as the factor differs for different parts of the insect, the growth is 
allometric.! One may satisfy oneself that this is approximately true by plotting 
some measurement of the size of the insect against the size of a part on doubly 
logarithmic paper. As a standard, one requires some measurement which gives 
a good expression for the growth of the whole insect, with which the parts may 
be compared. There is much to be said for using total length as the standard; 
the only objection to it is that it is the sum of head length and length of thorax 
and abdomen, neither of which is easy to measure precisely (p. 70), but as the 
coefficient of variation of total length (p. 72) was not particularly high, it may 
be accepted as the standard. In Fig. 5 I have done this, plotting the means for 
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Total length (mm.) 

Fig. 5. Showing the relation of means of head breadth and total length on a doubly logarithmic 
scale (Pediculus). The points on the graph relate to the larval instars (I, II, III) and the adults 
of both sexes. Data derived from Table I. The constant « (for the larval stages) is arrived at 
by measuring x and y. 


total length against head breadth for the three larval instars and males and 
females. The points for the three larval instars lie very close to a straight line, 
but not precisely upon one. It is desirable to fit the best straight line to these 
three points; remembering that the percentage increase of the parts of the 
insect through larval life is nearly constant (Table II), I have assumed a mean 
increase for total length of 138-5 per cent and for head breadth 116 per cent. 
The line shown in the figure, starting from the actual position of the mean of 
the third instar has therefore been drawn. The position of such a straight line 
can be expressed by the formula of simple allometric growth, y=bx*, where y 
is the length of part and z of whole, and 6 and « are constants. It is the value 


1 It appears desirable that this term rather than “dysharmonic” or “heterogonic” should be 
employed. See Huxley & Teissier (1936). 
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of constant « which is of most interest, for it determines the slope of the line, 
in other words the increase of part relative to whole. This constant may be deter- 
mined directly! from the doubly logarithmic graph by measuring dimensions x 
and y (in ordinary arithmetical units); «=y/zx. To put the same thing in other 
words, « is the tangent of the angle which the straight line makes with its z 
axis. In this way it is found that the value of « for larvae is 0-46. It can be 
seen from Fig. 5 that the increase of head breadth relative to total length is 


Length of part (mm.) 
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10 2-0 3-0 
Total length (mm.) 
Fig. 6. Showing the relation of mean length of head (A), or length of third tibia (B) to mean total 
length (Pediculus). 


very regular during larval life, but alters abruptly at the last moult, head 
breadth increasing relatively in both sexes, but especially in the male. The 
constants for male and female are 1-47 and 0-78. 

In Fig. 6, curve A deals similarly with the relation of head length to total 
length. This does not differ very greatly from what is shown in Fig. 5; the 
change at maturity is less, but in the same direction in both males and females; 
this can be seen by inspecting the figure, or from the values of constant « given 


in Table LV. 


1 Determination by measuring from a graph, particularly from one on doubly logarithmic 
paper, is admittedly not very precise. I feel that it is justified because the measurements them- 
selves show so much scatter (Table I) that no great precision in after-treatment could give a very 


accurate value for the constant. 
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Table IV. Values of constant « for relative growth of certain parts compared 
with total length as standard, Pediculus humanus corporis 


Part Standard Larval instars 3 2 
Head breadth Total length 0-46 1-47 0-78 
Head length _ 0-51 1-06 0-62 
Third tibia - 0-93 1-2 0-12 


Curve B, Fig. 6, gives the relative growth of third tibia and total length. 
It will be seen that the line expressing the growth of the three larval instars is 
nearly at an angle of 45° with the axes of the graph, so that constant « is close 
to unity (0-92). In this case there is an approach to “isometric growth”, the 
special case in which the growth rates of the part and the whole are equal. The 
graph shows also that the growth of the third tibia is nearly isometric with 
total length for the male, but for the female the allometry is very pronounced 
and negative («=0-12). 

It is not necessary to discuss the allometric growth of insects in general, for 
the subject has recently been dealt with fully by Huxley (1932). His book 
furnishes many examples, especially among the Crustacea, of growth which is 
regularly allometric up to maturity, at which time sexual differentiation pro- 
duces a relative increase (or decrease) in the growth of the part studied. In the 
present paper I propose to limit myself to those insects in which the meta- 
morphosis is not complete, and to give particular attention to the differentia- 
tion of the sexes. Much the most complete body of fact available is that pub- 
lished by Spett (1930), on the grasshopper Chorthippus. The same author’s 
later papers (1934, 1935), of which the text is in Russian, contain a mass of 
valuable material. In Chorthippus there are invariably four larval instars, and 
the sexes may be separated even in the first instar. It is therefore possible to 
define the gradual development of differences between males and females 
throughout larval life, a thing which has probably not been done with any other 
insect. Spett made eight measurements on each insect and had adequate 
material of all instars of both sexes. His figures show that in any particular 
measurement a difference exists between the means of males and females, 
even in the first instar; this difference would not be regarded as significant 
when considered by itself, as it is about as great as its probable error; but in 
subsequent instars the significance increases, and in adults the difference be- 
tween male and female for each dimension is between ten and twenty times its 
probable error. I have endeavoured to make use of the information given by 
Spett (1930) and to discuss allometric growth and differentiation in the sexes 
of Chorthippus. In doing this it is difficult to decide what measurement to use 
as standard. Measurements of total length are not given (doubtless because the 
abdomen is so soft and capable of expansion). Neither hind femur nor pro- 
thorax appear to be suitable as standards, for if one plots certain other organs 
(e.g. elytron) against either of them, one obtains complex curves. It is not clear 
whether the complexity of the curves is due to choice of unsuitable standard, 
or whether it is comparable to the diminishing allometry which is reported by 
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Dawes & Huxley (1934). If anyone wishes to go further into the matter he | 
might be well advised to use the data on the grasshopper Dociostaurus (Spett, 
1934), for here weighings as well as linear measurements are available; it seems 
evident that total weight would be the best of all standards to which to refer 
the parts. 

Differentiation of sex at the last moult, much as in Pediculus, has been re- 
corded by other authors. If one takes the figures given by Bodenheimer (1929) 
for Schistocerca and plots body length against weight, it can be shown that in 
the female there is a great relative increase of weight at the last moult, ob- 
servable in the newly emerged female before the ovaries have completely 
developed. In this sex, therefore, the increase of body length against weight 
is only allometric during the larval stages. But the growth of hind femur 
plotted against body length is regularly allometric for all instars, and both 
sexes of adult.' The work of Severin & Severin (1911) on the stick insect, 
Diapheromera, shows that the growth of front femur relative to head and body 
is regularly allometric through the larval instars and in the female, but in the 
male the front femur is actually longer, and the head and body actually shorter 
than in the female. In this sex, therefore, there is a break in the curve for 
growth of males observable in the last larval instars and in the adult (Fig. 7). 
Kirkpatrick’s (1923) figures for the bug Oxycarenus show allometric growth of 
rostrum and total length, through all larval stages; in the adult male there is 
a slight relative decrease in the length of the rostrum. 

It would probably be correct to sum the matter up by saying that the 
beginning of sexual differentiation in the insects may be first observed at the 
last moult, or in any instar previous to that moult. It is often due to a 
relatively slight modification in a differential growth ratio which has been 
uniform in the earlier instars. 

For studies such as these one would wish to have information on the in- 
crease of several linear dimensions and of weight for all instars and both sexes; 
moreover, the data must be submitted to proper statistical treatment, for the 
reader requires to know at least the number of individuals measured and the 
value of the mean and standard deviation. It would also be useful to know 
whether the specimens were bred or caught in nature. So far as I am aware no 
set of figures meets all these needs except those published by Spett (1934) on 
the grasshopper Dociostaurus. His data for many other Orthoptera are ex- 
tremely full and valuable, but do not include weight. Much of the material 
which is quoted in current literature is indeed hardly appropriate, the in- 
vestigations having been undertaken for some quite different purpose. For 
instance, several writers quote figures published by Balfour-Browne (1909) on 
the development of Agrionids. This author was working out the life history 
under conditions of great difficulty, and it is clear from his paper that the 
temperature at which he reared his insects and the conditions of nutrition 


1 On p. 516 of this author’s paper the length of hind femur of female is given as 15-5 mm. 
The context seems to show that this is a misprint for 25-5 mm. 


* 
‘a 


P. A. BUXTON 81 


varied greatly. Surely then, his facts are unsuitable for use in a severely 
statistical discussion. The work of Calvert (1929) on certain dragonflies is open 
to the same objection: the author showed great skill in working out a difficult 
life history, but his material should not be quoted as a contribution to bio- 
metry. Calvert took fifty eggs of Nannothemis, but only three of the larvae 
survived beyond the 2 mm. stage, and of another genus, Anaz, only one larva 
was reared; presumably therefore the conditions were unfavourable. But in 
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Fig. 7. Showing the relation of length of front femur to length of head and body in Phasmid 
(Diapheromera) (Severin & Severin, 1911). 


spite of this Calvert discusses the different growth rates of the genera and even 
compares his observations on the one surviving larva of Anaz with Donaldson’s 
great body of figures on the growth of the rat. 

It would be substantially true to say that the growth of the louse, and 
indeed of Arthropods in general, is allometric (Huxley, 1932): in Pediculus, as 
in many other organisms, relatively small differences between the sexes, only 
observable at the last moult, make a slight complication. That in itself surely 
renders it difficult to sustain the view first put forward by Przibram & MeguSar 
(1912) for Sphodromantis, and more recently applied by Bodenheimer (1933, 
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and previous papers) to insects in general. It will be remembered that the view 
of these authors is that the weight of an insect doubles and its linear dimensions 
are increased by 1-26 at each moult. But if the major proportions of a creature 
alter greatly during the course of growth, is it possible that the increase in 
length and also in weight could follow so simple a law? This objection to the 
view of Bodenheimer and the earlier views appears to be valid, whether one 
accepts or rejects the hypothetical “latent divisions” by aid of which it may 
be possible to bring the observed figures into line with theory. There are a 
number of other reasons for refusing to accept the view that weight doubles 
and length increases by 1-26: some of them are summarized by Spett (1934). 


SUMMARY 


1. The paper discusses the points of difference between the three larval 
instars in Pediculus and the changes in proportion which take place during 
growth, not only during larval life but also at the final moult. 

2. It is easy to separate larvae of the first instar from others, more difficult 
to distinguish those in the second and third instars. The principal points of 
difference are as follows: 

First instar. Setae on dorsum of abdomen, few, long and in longitudinal 
lines: one median pair on most segments. Paratergal plates (carrying spiracle) 
absent. Mean measurements as in Table I, the best point of distinction be- 
tween instars being in length of third tibia, which is 0-197 mm. in first instar. 
Ratio of head to thorax and abdomen about 1: 2-8. 

Second instar. Setae of dorsum of abdomen in one transverse row, con- 
taining 2-3 pairs of setae. Paratergal plates present (as also in third instar). 
Mean length of third tibia, 0-270 mm. Ratio of head to thorax and abdomen 
about 1 : 3-5. 

Third instar. Setae on dorsum of abdomen, not in one row, but somewhat 
irregular: a pair of minute supplementary setae, on seventh and eighth seg- 
ments, close to midline. Mean length of third tibia, 0-363 mm. Ratio of head 
to thorax and abdomen about 1 : 4-3. 

3. During larval life the dimensions of all parts increased as geometrical 
progressions (Dyar’s law), but the rate of increase is different in different parts 
of the body, so that the proportions, for instance, of head to thorax and 
abdomen alter with growth; in other words, growth is allometric or heterogonic. 
But when the insect attains maturity the measurements of several of the parts 
depart significantly from the geometrical progression which has prevailed 
during larval life. In most parts of the body the increase at maturity is greater 
in females than males (no point of distinction having been observed in larvae 
in the preceding instars); but in the length of the third tibia the increase in the 
female is much less than in the male. Among other insects in which meta- 
morphosis is slight there are several] in which the rate of growth of parts alters 
at the last moult and becomes different in the two sexes; in some indeed the 
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difference develops much earlier than the last moult. Probably, therefore, it 
would be true to say that regular allometric growth is generally disturbed by 
the development of secondary sexual characters. 


It is a pleasure to acknowledge help received from Dr J. S. Huxley. 
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THE general purpose of this series of papers is to set out facts about the 
distribution of the head-louse in human populations, to discuss the factors 
which influence this distribution, and also to examine and consider the consti- 
tution of populations of lice. 

In a previous paper (Buxton, 1936) a method was described by which a 
sample of hair was dissolved in sodium sulphide and an alkali, any lice which 
might be present remaining undissolved. With this method it has been found 
possible to examine numbers of samples of human hair and to determine which 
of them were infested with lice, and also the number of lice in each. The method 
was applied to the whole crop of hair. In the paper quoted above I dealt with 
102 crops of hair removed from the heads of African subjects of post-mortems 
at Lagos, Nigeria. The total number of samples was very small, particularly 
when one has regard to the number of relevant factors, such as the person’s 
sex, age and race, the weight of hair, etc. 

The present paper considers material from Sokoto in the north of Nigeria; 
Nairobi and Kakamega in Kenya; Colombo, Ceylon; and Jerusalem, Palestine. 
The figures from Sokoto have been worked out rather more fully than the 
others. This is an appropriate moment to express thanks to Dr J. O. Irwin, who 
has advised me on technical points of statistical treatment. We cannot yet 
give a satisfactory picture of the distribution of these parasites in a human 
population, but the present work emphasizes the value of the method and the 
complexity of the phenomenon. Future investigators would do well to secure 
much more numerous samples than have been available. 

Adult lice from each locality were examined and found to show the antennal 
characters which tend to separate Pediculus humanus capitis from corporis. 
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The matter was not studied in detail and no attempt was made to see whether. 
the material from Africa was attributable to the form maculatus of Fahrenholz 
(for which see Ferris, 1935). 


I. Data From Soxoto, NIGERIA 


The material was collected at Sokoto in the north-west of Nigeria from 
among the general population of the district. I understand that the individuals 
were shaved in the hospital compound, but that the inmates of the hospital 
were excluded; care was taken to ensure that the shaving was complete. 
Dr A. C. Lovett-Campbell was good enough to initiate the work and supervise 
the greater part of it: it was brought to an end by Dr D. W. McLaren. I am 
very grateful to both of them for the careful and regular way in which the 
material was collected and sent to me. 


Table I. Showing prevalence of lice in people shaved at Sokoto. 
The people are males, of many races, and aged 6-70 
No. of heads with 


Total Nil 101 lice Total 
Month heads lice 1-10 11-100 and over positive 

1934 Nov. 31 24 5 2 - 7 
Dec. 61 dd 5 1 1 (146) 7 
1935 Jan. 30 29 , : 1 (104) 1 
Feb. 30 26 3 1 Pp 4 
Mar. 40 34 6 6 
Apr. 34 34 0 
May 31 27 3 1 F 4 
June 30 27 3 3 
July 30 28 1 1 2 
Aug 31 29 2 ‘ 2 
Sept 30 26 2 2 4 
Oct. 14 13 1 1 
Nov. 17 16 1 1 
Total 409 367 31 9 2 42 

Percentage 100 89:6 7-6 2-2 0-5 10-3 


Crude figures. As Table I shows, the total number of heads shaved was 
409, of which just over 10° were found to be infested. The material was 
collected at regular intervals for a period of just over 1 year. 

Race. The 409 people shaved were referred to no less than 20 different races 
or tribes, many of which were represented by one or two individuals. Details of 
the four most numerous races are shown in Table II. It will be observed that 
the Hausas (with whom I have included people recorded as Bahaushe) are 
very much more numerous than the representatives of the other tribes. So 
far as the figures in Table II go, they do not show any difference in the degree 
of infestation in different races, but the figures for Ba’adare, Ba’are, and Filani 
are very low. The tribes and races from which the material was obtained are 
very widely distributed in central and northern Nigeria and in the French 
territories farther north; we have no information as to how long the individuals 
who were shaved had resided in Sokoto. 

Sex. All the people shaved were males. 
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Age. In Table III the people are distributed by age-groups, three whose 
age was not recorded being omitted. The recorded age is probably uncertain, 
particularly when the man is past middle life, and for that reason all those 
whose age was recorded as 31 years or over have been grouped together. The 
table shows that infestations are commonest and also heaviest in the younger 
age-groups, and it is regretted that we have no data for small children. In the 
men from 21 to 30 and from 31 years upwards there were few infestations and 
they were very light. This is true whether we consider the figures for all people 


Table II. Showing degree of infestation in males of the four 
most numerous races shaved at Sokoto 


No. of heads with 
Total ‘ 101 lice Approx. 
Race heads Nil lice 1-10 11-100 and over % infested 
Hausa 282 251 22 8 1 (104) ll 
Ba’adare 30 27 3 10 
Ba’are 24 22 2 ‘ ‘ 8 
Pilani 22 20 1 1 ‘ 9 


Table III. Showing degree of infestation by age groups in 
all those shaved, and in Hausas, Sokoto 
No. of heads with 


Age Total 101 lice Approx. 

years heads Nil lice 1-10 11-100 and over % infested 
All people 

6-10 53 42 5 5 1 21 
11-15 140 124 14 2 , 11 
16-20 87 77 7 2 1 ll 
21-30 68 65 3 4 
31 and up 58 56 2 ‘ . 3 

Totals 406 364 31 9 2 10 

Hausas 

6-10 40 29 5 5 1 27 
11-15 108 98 9 1 9 
16-20 57 50 5 2 12 
21-30 45 43 2 » 4 
31 and up 31 30 1 ; ‘ 3 

Totals 281 250 22 8 1 il 


or for Hausas only. The test for goodness of fit has been applied to the Hausas, 
who were divided for this purpose into boys (age 6-20), and men. The difference 
in infestation is statistically significant (P=0-05). 

Weight of hair. One would suppose that the individuals with more hair 
would tend to be more frequently and more heavily infested than those with 
less, but though this has been observed elsewhere, it does not follow that it will 
occur in all parts of the world. In this part of the investigation it was felt best 
to work only on the Hausas, because it is probable that some of the racial 
groups have peculiar styles of hair dressing involving permanent plaiting, 
etc. The figures for the Hausas only are set out in Table IV. As it is already 
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known that children are more frequently and more heavily infested than adults - 
it is best to consider the age-groups separately. The table shows that the mean 
weight of the crop of hair is less in children than in adults, as would be expected. 
But it also shows that within each age-group, with the sole exception of the 
last, in which only one infested man was found, the mean weight of hair is 
heavier in the infested people than in the others. This is not conclusive, but 
suggests strongly that the difference is not due to chance. To go further into 
the matter, I have compared the mean weight of hair in those with and without 
lice in each age-group separately, using the ¢ test. The test appears to show 


Table IV. Showing relation of weight of hair to presence or 
absence of lice in Hausas, Sokoto 


Mean hair weight 
(g-) 


Lice Significance 
Total Lice Lice A 

Age heads Absent Present absent present t a Remarks 

6-10 40 29 ll 3-4 3-8 0-73 <0-40 Not significant 
11-15 108 98 10 4:2 6-7 3-53 <0-01 Significant 
16-20 57 50 7 8-0 11-1 2-51 0-01 Significant 
21-30 45 43 2 6-7 7-6 
31 and up 31 30 1 6-9 3-8 0-24 0-80 Not significant 

Totals 281 250 31 5-2 6-67 


that the difference is highly significant (i.e. that it could not reasonably be due 
to an error of sampling) in two age-groups out of four. One may justly 
conclude that there is a positive correlation between the weight of hair and the 
presence of Pediculus ; but so many other factors are involved that the difference 
is not significant in every age-group. 

One might approach the point in another way, by making a frequency 
distribution of hair weights, for the uninfested and the infested. Thus: 


Weight of hair (g.) 10-29 30-59 60-99 10-0andup Total 


No. not infested 63 112 54 21 250 
No. infested 5 15 7 4 31 
% infested 7:3 11-8 11-5 16-0 11-03 


The figures show that the proportion of infested people is consistently 
greater in those with more hair than in those with less. But the difference 
(using the test for goodness of fit) is not significant (P=0-70), and may well 
be due to “chance”. 

Season. The climate of Sokoto is of the monsoon type and resembles that 
of northern India. There is a completely rainless period from October or 
November to April or May. During the first few months of this period the 
temperature falls to January, which is the coldest month; it then rises steadily 
to April or May, which are extremely hot. The break of the rains at the end of 
May or in June causes an immediate lowering of the temperature. One would 
suppose that, as the contrast in season is so great, some effect in the infestation 
with head-lice would be observed, and it seems probable that the essential 
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division of climate is between the dry and the wet months. Making use of 
climatological data for 1934-5 I have grouped the months from June to October 
inclusive as wet. In considering the data it should again be remembered that 
the rate of infestation is much higher in boys than in men: probably therefore 
it is better to consider the age-groups separately, as is done in Table V (Hausas 
only). The table shows that in the first age-group the proportion of infested to 
uninfested is almost the same in the two seasons. In the second and third age- 
groups, which are the most numerous, the proportion infested is materially 
higher in the dry than the wet season, and in the second group the difference 
is significant by the test for goodness of fit. In the higher age-groups, from 


Table V. Showing degree of infestation by age-groups in the 
wet and dry seasons: Hausas only, Sokoto 


Wet months Dry months 
g A r A Significance 
Total Nil 11 Nil 

Age heads lice 1-10 andup lice 1-10 and up Remarks 

6-10 40 14 3 2 15 2 4 0-90 Not significant 
11-15 108 43 0 0 55 9 1 <0-01 Significant 
16-20 57 14 0 1 36 5 1 0-30 Not significant 
21 and up 77 27 2 0 47 1 0 ? 
All 282 98 5 3 153 17 6 0-30 Not significant 


21 years, the number of infestations is so low that the test is not applicable. 
Disregarding age one finds that 8-2 % are infested in the wet months, 15-0% in 
the dry. On the figures as a whole one is justified in concluding that among 
the many variables which affect the distribution of lice in Sokoto, season is one, 
and that infestations are significantly commoner in the dry months than the 
wet. 

It might be suggested that atmospheric humidity is more likely to be 
important than rainfall in this inquiry. The only figures available from Sokoto 
are the means of readings taken at 9 a.m. and 3 p.m.; as this neglects the night 
it is not probable that the figures will be of great value to the biologist. But 
accepting these figures for lack of anything better, one might divide the year 
into those months in which the mean relative humidity is below 30% and those 
in which it exceeds 40%. The months in the latter group in 1934-5 are May to 
October, which are very nearly the same as the rainy months. It appears 
improbable therefore that anything would be gained by looking further into 
the matter. 

I have also endeavoured to find relations between infestation and other 
elements in climate, and have studied the figures for the cold and hot months. 
The figures for temperature which are available are derived from half the 
sum of the maximum and minimum: the 3 months, December, January and 
February, have a mean temperature below 27° C. (80° F.), the temperature in 
the other months exceeding that figure. I find that the proportion of Hausas 
(all ages) infested in the cold and hot months is almost identical. 
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II. Data From Kenya 


The material received from Kenya was collected in two places. A large 
collection of samples was made from the Nairobi Jail from male prisoners 
only: these samples were not collected from prisoners on admission, but from 
the resident population of the jail: one cannot, therefore, say what relation the 
figures have to the infestation of the general population of Kenya, and this 
rather reduces their value. The material from Kakamega, on the other hand, 
was taken from patients on admission to hospital. It is, therefore, a sample 
from people of various ages and both sexes, mainly derived from the sur- 
rounding villages. As the collections from Nairobi and Kakamega were made 
in different ways it appears best to treat them separately. The difference be- 
tween them is discussed below (p. 94). 

It is a pleasure to acknowledge the help of Mr C. B. Symes, who arranged 
for collecting and forwarding the material. The Director of the British East- 
African Meteorological Service has been so good as to furnish climatological 
data from several places for the years in question. 


(A) Material from Nairobi Jail 


Crude figures. The material from Nairobi Jail was collected during 14 
consecutive months starting with December 1934. The crude figures show that 
the material was well distributed through the year, except for July and August. 
Among 415 heads shaved, lice were found in 37, i.e. 8-92%. The numbers of 
lice found in infested heads are generally low, as the following figures show: 


No. of lice 
Total heads “Nil 1-10 11-100 
415 378 24 12 1 (127) 
Percentage 91 5:8 2-9 0-2 


Race. In the original records the men are attributed to 37 different tribes, 
many of which are represented by one or two men only. Table VI shows the 
infestation in the larger racial groups. On the advice of Mr Symes I have 
grouped the following small tribes, Kisa, Mumia, Maragoli, Lwanda, Kaka- 
mega, Munyore, Munyala, as North Kavirondo Bantu. One regrets that the 
figures are small for all groups except the Kikuyu, for, though the figures seem 


Table VI. Showing the infestation with lice in certain racial 
groups, Nairoln Jail 


No. of heads 
Total ‘Nil 1-10 lice Approx. 
Tribe heads lice lice andup % infested 
Kikuyu 179 159 12 8 11-2 
Jaluo 32 28 2 2 12-5 
Makamba 29 24 4 1 17 
Masai 22 21 0 1 5 
North Kavirondo Bantu 16 16 0 0 0 
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to suggest that some tribes are more frequently infested than others, none of 
the differences are significant by statistical tests. Even the differences between 
the Kikuyu and North Kavirondo Bantu, and between the Makamba and the 
North Kavirondo Bantu, which both appear considerable, are only on the 
borderline of “significance” (P in each case > 0-05). 

It would certainly be of considerable local interest to obtain large figures, 
and study the infestation of different tribes, taking into account their customs 
in respect of hairdressing, use of oil, shaving, etc. In the material here con- 
sidered there is no indication that any of the tribes grow the hair particularly 
long. The following mean weights of hair for certain tribes are derived from 
all the heads shaved whether infested or not: Kikuyu, 4-37 g.; Jaluo, 4-97 g.; 
Makamba, 4-04 g.; Masai, 4-63 g.; North Kavirondo Bantu, 3-30 g. 

Sex. All prisoners were male. 

Age. The age of 410 of the prisoners was recorded. The figures appear to 
show that infestation is more frequent, but apparently not more heavy, in the 
younger age-groups. If we divide the population into two main age-groups, the 
following figures are obtained: 


No. of lice 
Age (years) No. ‘ Nil 1-10 ll and up % infested 
Up to 20 69 60 7 2 12-9 
Over 20 341 313 17 ll 8-2 


A test for goodness of fit shows that the difference between the two groups, 
though considerable, is not significant by conventional standards. 

Season. The crude figures show that there is a considerable difference in the 
proportion of infested heads at different times of the year. For instance, in 
February and March no lice were found in 63 heads, whereas in June the 
proportion of heads infested was 8 out of 31. But the fluctuations in the monthly 
rate do not appear to be regular. Even if men of 20 years and under are ex- 
cluded it is not possible to establish any relation between the frequency of 
infestation and the meteorological figures, of which a rather full collection is 
available. The total amount of material at present available is insufficient, 
when divided among the months. If further study were to show that infesta- 
tion is but little influenced by season that would not be surprising, for the 
climate of Nairobi does not show very great seasonal changes. It should, 
however, be remembered that in the not very dissimilar climate of Kakamega 
infestations are significantly more frequent at one season than another (p. 93). 


(B) Material from Kakamega 


Crude figures. Material was collected during 14 consecutive months, 
starting with November 1934 from patients admitted to hospital. The people 
shaved were of both sexes and all ages: in all 359 were shaved. The crude 
figures do not seem to be worth publishing in full. They show that the gross 
percentage found infested is 25, a figure much higher than that found among 
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males in the Nairobi Jail (8-9%). Heavy infestations are commoner at 
Kakamega than in the Nairobi Jail; for instance, the figures for people with 
more than 10 lice show that among 359 people at Kakamega 14-2 % fall in this 
group; for the Nairobi Jail the corresponding figure is 3-1 °/, among 415 heads. 

Race. The individuals who were shaved at Kakamega belonged to over 
30 tribes. Those which were most numerously represented are shown in Table 
VII; it has been thought best to base this on adult males only. The figures 
suggest that there are differences in the degree of infestation, but little reliance 
could be placed upon them for the numbers are very low. 


Table VII. Showing infestation with lice in adult males of 
certain racial groups, Kakamega Hospital 


No. of heads 

1] lice 

Race No. of heads _ Nil lice 1-10 and up 
Jaluo 28 25 1 2 
Kitosh 27 19 5 3 
Kakamega 18 17 0 1 
Kabras 15 ll 1 3 
All adult males 175 136 14 25 


Sex and Age. All those whose age was recorded are tabulated in Table VIII 
by sexes and age-groups; 130 males and one female are omitted as imperfect 
information about age was available. It is perhaps remarkable that among 
the males and females shown in Table VIII the percentage of infestations is 
nearly identical, the figure being 27-7% for males and 25-5% for females. 
Even if one considers the table more critically and studies the infestation in 
males and females of particular age-groups, no material difference between the 
sexes is found; for instance among those from 16 to 30 years the percentage 


Table VIII. Showing the distribution of infestation among those admitted 
to Kakamega Hospital, distributed by sex and age 


No. of heads 
Age No. of Nil 101 lice Infested 
years heads lice 1-10 11-100 andover total 
Males 
0-5 8 6 1 1 2 
6-10 7 5 0 2 : 
11-15 22 10 4 6 2 12 
16-20 42 26 5 9 2 16 
21-30 64 53 7 2 2 ll 
31 and up 34 28 1 5 6 
Total 177 128 18 25 6 49 (27-7%) 
Females 
0-5 4 2 2 ‘ r 2 
6-10 4 4 0 
11-15 ll 9 0 1 1 2 
16-20 17 14 2 1 3 
21-30 15 9 4 2 6 
31 and up Nil ‘ 4 ‘ ° 
Total 51 38 8 4 1 13 (25-5 %) 
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of infestation and the frequency distribution of the number of lice are very 
similar in males and females. 

The figures set out in Table VIII appear to show that the young males are 
more infested than the old; the proportion of those found positive is between 
a quarter and a half up to the age of 20, and under a fifth in the two higher 
age-groups. If one groups the males into those up to 20 years old and those 
above that age and applies the test for goodness of fit, one finds that infesta- 
tions are not only commoner, but also (as one may see from a study of the 
contributions to x?) heavier in the younger age-groups; the difference is 
statistically significant (P<0-01). A similar difference between those up to 
20 years and above that age is discoverable within the most numerous racial 
group, the Jaluo: this difference also is significant (P =0-02). 

It would be interesting to know why the boys and youths are more frequently 
and more heavily infested than the adult men. A variety of causes might be 
effective, such as differences in cleanliness, in customs and cutting hair, or in 
the use of cosmetics. In spite of inquiries it has not been possible to discover 
the cause of the difference, but it is clear that it is not due to boys carrying 
a heavier crop of hair than adult men: the weight of hair is lowest in boys up 
to 10 years old, higher in the youths from 11 to 20 and still higher in the adults 
of 21 and upwards. Moreover, there appears to be no tendency within one 
age-group for those infested to have a greater weight of hair than those not 
infested. 

Season. A study of the original crude figures suggests that infestation is 
materially greater at one time of the year than at another. In the months from 
June to October (for some of which the number of specimens is very low), 
108 heads were examined, of which 38% were infested. In the other months, 
from November to May, the infestation is consistently below 30% in each 
month: in the whole period 251 heads were examined, of which 19-5°% proved 
positive. But this apparently seasonal distribution of infestation might be due 
to some “‘accident”’: for instance, the inclusion of large numbers of boys and 
youths in one part of the year would tend to raise the rate of infestation at that 
season. This possibility may be excluded by examining the figures for adult 
males only, taking for this purpose not only the 98 individuals whose age was 
recorded as over 21 (Table VII), but also a number of others who were recorded 
as “adult”. This gives a total of 175 heads, in which the infestation was 
distributed as follows in all parts of the year: 


No. of lice 
r Total % 
Nil 1-10 Illandup heads positive 
June to October - 43 10 14 67 36 
Other months 93 4 ll 108 14 


It will be seen that within this relatively homogeneous group of adult males a 
great difference in rate of infestation is found. The application of the appro- 
priate test shows that the difference has a high level of significance (P < 0-01). 
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For the males up to 20 years, of whom there are only 78 in all, the difference 
is in the same direction and considerable, but not significant (P <0-20). 

The Director of the British East African Meteorological Service informs me 
that he has no data from Kakamega, but he has been good enough to supply 
figures for Kericho and Kisumu, the nearest meteorological stations, for 1934 
and 1935. It is evident that the months in which the higher proportion of men 
are infested (June to October) are approximately those in which the mean 
temperature (half the sum of maximum and minimum) and the mean maximum 
temperature are lowest, and the rainfall is higher. In the present state of 
knowledge one cannot state that the difference in infestation is due to any 
particular climatic factor (temperature, humidity, etc.), or even that the cause 
is directly climatic. It is at least possible that the cause lies in some seasonal 
difference in the habits of the people; they may, for instance, stay at home 
and crowd together in the cooler wetter months. But though we know 
nothing of the cause, it is established that infestation is more frequent in 
the cooler, more rainy months. 


Comparison of Nairobi and Kakamega. 

It will be remembered that the crude figures showed that infestations are 
commoner (and heavier) in material at Kakamega than at Nairobi, the gross 
percentages infested being 25 and 8-9 respectively. The material from Nairobi 
was taken from men in jail, that from Kakamega from people of both sexes 
and all ages on admission to hospital. To what extent is the apparent difference 
between the crude rates due to such variables as sex and age? If one takes 
figures which are roughly comparable one obtains the following: 


Nairobi Kakamega 
“No. % infested % infested 
All males 415 8-9 177 27-7 
Adult males (21 years and over) 326 8-0 98 17:3 


The figures clearly indicate that the less infestation at Nairobi is observable 
when likes are compared with likes. By the test for goodness of fit the dif- 
ferences are highly significant (for adult males, P<0-01). It is not possible to 
explain this difference, but one may suggest that it is due to hygienic conditions 
in prison being better than they are in the villages. 


III. Data rrom CoLtomsBo, CEYLON 


The material was collected from prisoners in jail at Colombo, Ceylon, not 
from men on admission to jail. I understand that groups of men were chosen 
for shaving in such a way as not to select either the clean or the infested. The 
method seems to have given something approaching a random sample, for an 
examination of the material shows that samples received in different months 
are rather similar to one another. On each occasion when samples were collected 
30 prisoners were shaved, the whole of the hair of the scalp being removed with 
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a razor. This was done eight times at intervals between January 1934 and 
February 1936 (Table IX). 

I am very much obliged to Dr R. Briercliffe, formerly Director of Medical 
Services of Ceylon, who was good enough to arrange for the collection of the 
material, and to Dr S. F. Wickramasinghe and Dr S. Ponniah, who supervised 
the collection and forwarded the specimens, which were evidently most 
carefully collected. Dr W. H. Schokman of the Ceylon Medical Service, while 
working in London, was good enough to sort the majority of the cards into 
racial groups (Sinhalese, Tamils, etc.) by the names of the individuals, and to 
help me in drawing up the present report. 


Table IX. Showing degree of infestation in all samples received from 
Colombo, Ceylon, and the months of collection 


No. of adult lice Infested 
Date Nil 1-10 11-100 101 and up heads Total % 
1934 June 13  j 4 6 30 17 57 
Aug. 18 8 1 3 30 12 40 
Nov. 15 7 8 ; 30 15 50 
1935 Jan. 15 8 7 30 15 50 
May 8 17 5 30 22 73 
Aug. 13 ' 14 3 30 17 57 
Nov. 15 9 6 30 15 50 
1936 Feb. 18 ll 1 30 12 40 
Total 115 81 35 9 240 125 52-1 
Percentage 48-0 33-8 14-6 3-7 100 52-1 


In previous work (Buxton, 1936) and in other parts of this paper the number 
of lice is given irrespective of whether they were larvae or adults; it is impos- 
sible to deal with the Ceylon samples in the same way because many of them 
contain very large numbers of first stage larvae which were not apparently 
alive at the time when the collection was made. The explanation appears to be 
that the people anoint their hair with coconut oil, which seems to have no 
effect on the development of the egg, but renders the shell sticky so that the 
first stage larva fails to emerge from the egg. When hair containing such larvae 
is treated with sulphide and alkali the shells are dissolved but the chitinous 
parts of the fully developed larvae within them are left untouched: these 
larvae are therefore counted. Sometimes they are very numerous indeed, 
representing the accumulation of a long period; to quote an extreme example, 
I have examined a sample of hair which contained no male or female lice but 
430 larvae, all of them in the first stage. It would be possible to avoid this 
source of error if one put each larva under the microscope so as to exclude 
those in the first stage which had never shed their embryonic cuticle and which 
had therefore presumably died in the shell. It may be possible at a later date 
to carry out this laborious examination, and the material has been preserved 
with that in view, but it is probably sufficient to base this report on the 
presence and numbers of adult lice only. In other parts of the world it is found 
that the mean number of larvae per adult varies considerably even when large 
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numbers of samples are examined. But it appears that one could obtain 
approximately the total number of lice if the figures for adults given in this 
part of my paper were multiplied by 5. 

Crude figures. Table [X shows that the hair of 240 prisoners was examined, 
and among them the proportion infested was 52-1 %: even this high figure is a 
little less than the truth, for it excludes the 19 heads in which young lice but no 
adults were found. Many of these young lice were probably dead at the time of 
the examination, as already explained, but it is reasonable to suppose that some 
of them were alive so that the actual proportion of men infested approaches 
60%. The table also shows that the number of adult lice in a head is frequently 
high. It is interesting to observe that though the infestation was high, the 
general state of the hair was remarkably clean: indeed we have never handled 
samples so free of ordinary dirt. 

Race. Dr Schokman has sorted the individual prisoners by their personal 
names into racial groups, which could only be done for about half the indi- 
viduals. Table X gives the degree of infestation among those who could be 
assigned to groups: the table appears to indicate that Tamils are more fre- 
quently infested than Sinhalese, but the difference is not statistically 
significant. 


Table X. Showing the degree of infestation in certain racial groups : 
Colombo. (Adult lice only) 


No. of heads with 


Infested 


lllice Total 
Group Nil lice 1-10 and over _heads Total % 
Sinhalese 50 39 16 105 55 52 
Tamil 8 11 2 21 13 62 
Mohammedan 5 3 2 10 5 50 


Sex. All the prisoners whose hair was shaved were males. 

Age. No information is available about the infestation of small boys, the 
youngest prisoner being 14 years old. But above that age it is clear from Table 
XI that there is a considerable difference in infestation in different age groups; 
it appears that, as age rises, the percentage infested and the frequency of 
heavy infestations fall, both in all prisoners and in Sinhalese. In both groups 
the difference is highly significant by conventional standards (P<0-01). 

Residence in jail. In the case of nearly every individual information is 
available about the length of stay in jail prior to shaving. The figures show a 
tendency for infestation to become less frequent in those who have been 
longer periods in jail, but the difference is not very great and is not statistically 
significant (P=0-7). 

Weight of hair. The weight of the crop of hair and the degree of infestation 
are shown in Table XII, from which it appears that the proportion of infesta- 
tions is materially higher in the heavier crops of hair, both for all prisoners and 
for Sinhalese. The test for goodness of fit shows two things: the frequency of 
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infestation is significantly heavier in the heavier crops of hair (P= <0-01): 
also, as may be seen from the contributions to x*, the heavier infestations are 
proportionately much commoner in the heavier samples of hair. 


Table XI. Showing for all prisoners, and for Sinhalese separately, the relation 
between the age of man, and the degree of infestation: Colombo. (Adult 
lice only) 

No. of heads with 


Infested 
Age 101 lice Total A 
years Nil lice 1-10 11-100 and up heads Total % 
All prisoners 
14-20 30 33 24 5 92 62 67 
21-25 23 21 7 1 52 29 56 
26 and up 61 27 4 3 95 34 36 
Total 114 81 35 9 239 125 52 
Sinhalese 
14-20 17 20 10 ‘ 47 30 64 
21-25 12 10 4 ‘ 26 14 54 
26 and up 20 9 2 ‘ 31 ll 35 
Total 49 39 16 ‘ 104 55 53 


Table XII. Showing for all prisoners, and for Sinhalese separately, the relation 
between weight of hair and degree of infestation: Colombo. (Adult lice) 


No. of heads with 


Infested 
Weight 11 lice Total - A = 
g. Nil lice 1-10 and over _ heads Total % 
All prisoners 
0-10 8 + 12 4 
10-1-20 30 16 2 48 18 37-5 
20-1-30 28 21 5 54 26 48 
30-1-40 23 18 19 60 37 61-5 
40-1 and up 26 22 18 66 40 60-5 
Total 115 81 44 240 125 52-1 
Sinhalese 
0-10 j 1 1 1 
10-1-20 17 6 2 25 8 32 
20-1-30 10 8 2 20 10 50 
30-140 ll ll 9 31 20 64-5 
40-1 and up 12 13 3 28 16 57 
Total 50 39 16 105 55 52-4 


Season. Application of the test for goodness of fit to the gross figures shown 
in Table IX shows that samples as heterogeneous as these might be obtained 
about one time in 20 from a uniform population (P=0-03). One may surely 
suppose that the heterogeneity is due to differences in age, race, hair weight, 
etc. in the individuals who compose the separate monthly samples. This in 
turn suggests that there is no great difference in infestation at different seasons, 
as indeed one would expect, bearing in mind the rather equable climate of 
Colombo and its proximity to the equator. This was checked by grouping the 
eight samples under the four quarters of the year. The resulting figures were 
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not significantly heterogeneous (P=0-10). One concludes, therefore, that no _ 


seasonal difference in infestation can be established from the material 
available. 


IV. Data FROM JERUSALEM, PALESTINE 


Through the kindness of Dr W. H. P. Lightbody and Dr J. H. Pottinger 
I have received material from prisoners on admission to jail in Jerusalem. 
When the work of collection was started it seemed that it would be sufficient 
that the prisoners should be clipped with a machine, not shaved with a razor. 
It is now clear that this decision was unfortunate, because even if clipping is 
done in a uniform way it probably fails to reveal light infestations. The figures 
are therefore of limited value, and may be reported very briefly. Clippings 
from 543 prisoners were sent in, and 39 infestations (7-18) were found. No 
difference between Palestinians and foreigners (Turks, Russians, Egyptians 
and others) was revealed, but the duration of the foreigners’ stay in Palestine 
was not recorded. The prisoners were all adult males. It was shown that the 
presence of lice is more frequent in the rainy months (January to March and 
October to December) than the dry (April to September inclusive). Taking only 
the material collected in 1935 (during which the collection of material appears 
to have been most uniform and careful) one obtains the following: 


Total Without With % 

heads lice lice infested 
Rainy months 177 165 12 6-8 
Dry months 180 177 3 1-7 


The test for goodness of fit (which is scarcely permissible as the number in one 
cell of the distribution is so low) appears to indicate that the difference is 
significant (P =0-02). 


V. Discussion 


Adequacy of method. The main purpose of the present paper is to discover 
what it is that influences the distribution of this parasite (Pediculus) in a 
population of human beings; before proceeding further it would be well to 
inquire whether the method which has been used is adequate for its purpose. 
It must be admitted that it has not been possible to get a sufficiently large 
and unselected sample of the whole population of any place, though I have 
been more successful at Sokoto and Kakamega than elsewhere. At Sokoto a 
considerable number of normal, healthy people were shaved each month, but 
inasmuch as they were glad to avail themselves of the opportunity of being 
shaved we may suppose that they were drawn from the poorer classes: it is 
possible also that there was a tendency for men with a high infestation to 
present themselves for shaving, so as to be rid of their parasites. The material 
from Sokoto was also imperfect in that it came from males only. The samples 
from Kakamega were derived from people of all ages and both sexes, though 
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the numbers of women and children are rather low. The people were shaved on 
admission to hospital, so that among them there may have been some indi- 
viduals, suffering from neglect or chronic sickness, who may have had an 
unusually heavy infestation. 

For one reason or another the samples from other places are still more 
imperfect. From Lagos I received specimens from the dead who had been 
subjected to a post-mortem examination, some of whom may have suffered from 
chronic sickness or neglect. The specimens from Jerusalem came from a large 
number of males on admission to jail, but owing to an error on my part the 
individual samples of hair were inadequate. The specimens from Nairobi and 
Colombo were taken from the resident male population in jail. 

But though it must be admitted that it has not been possible to obtain a 
representative or unselected sample of a human population (indeed one may 
doubt whether such a sample could be obtained in most parts of the world), 
it seems that the method is justified by its results. The method shows, quanti- 
tatively, that the distribution of lice in a sample may be affected by season and 
by the individual’s race, sex, age, etc. Surely these conclusions may be assumed 
to apply to the population from which these samples are drawn. 

The present work is to some extent exploratory, but it makes it possible, 
which it was not before, to plan an investigation on some particular point; one 
could, for instance, discover to what extent the children are an important 
reservoir of infestation in a certain part of the world. We have also learnt how 
complex the problem is and approximately the number of samples which it 
may be necessary to examine in some future investigation. It has also become 
clear that work in future should be done in the country concerned, so that an 
investigator with local knowledge of conditions and of the people’s prejudices 
may collect and study his own material. I myself have been to some extent 
handicapped by being dependent upon the kindness and energy of corre- 
spondents in remote countries, who collected the specimens of hair and for- 
warded them to me in London. 

With regard to the actual details of the technique, which has now been 
applied to about 2300 heads of hair, there is no occasion to alter the procedure 
already described (Buxton, 1936). It is believed that the method is reliable 
provided it is carefully carried out, continual attention being given to details. 
It is clear that careful shaving of the whole head and the collection of all the 
hair is of very great importance. 

In the present and in the previous paper I have discussed only the distribu- 
tion of Pediculus among hosts, that is to say, the human side of the problem. 
The investigation has also a more directly entomological side, for it gives 
valuable facts about such things as the ratio of the sexes and the number of 
young per female in a population of lice. On a small part of this subject a 
preliminary communication has already been made (Buxton, 1937): at a later 
date I hope to deal more fully with the considerable body of fact that is now 
available. 
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Distribution of lice within a human community. A general phenomenon 
revealed by this work is that the distribution of lice among human beings is 
very skew. The skewness is observ- 
able, in the figures from each place, ; 
whether we neglect or include those 
who are not infested; among the [ 
infested it is generally observed that 
small numbers of lice (from 1 to 10) 
are commoner than large numbers, 
though an occasional infestation with 
many hundreds or even a few 
thousands may be found. This skew- 
ness in distribution is clearly a 
phenomenon of general occurrence, 
as is shown by the facts assembled 
in Table XIII; this shows the per- 
centage of all heads (whether infested 
or not) from which were recovered 
no lice, 1-10, etc. The facts have been 
used in rather a different way in Fig. 1, 
which gives a percentage of all infested 
heads found with 1-10 lice, etc. 

This type of distribution corre- 50 
sponds closely with that recorded by 
Peacock (1916) for body-lice among 
British troops on the western front 0 
during the great war. Peacock gives 1-10 11-100‘ 101-up 
graphs for the number of lice per Number of lice per person 
shirt and per man; in each of them _ Fig. 1. Showing the frequency distribution of lice 
the mode is between 1 and 10 and among all infested heads from certain places. 
the frequency falls regularly but very gradually, rather high counts being 
occasionally found; for instance, among 306 shirts 14 were found to contain 
more than 100 lice, the maximum being 700, and among 143 men 8 carried 
more than 100 lice, the highest figure being 900. 

Relation between rate of infestation and numbers of lice per infested person. 
Another general characteristic has already been noticed: in studying the 
figures for several places, for instance Sokoto and Colombo (Tables III and 
X1), it was observed that the younger age-groups are more frequently infested 
and that they also tend to show more of the heavy infestations (with lice 
exceeding 10 or even 100 per head). If we neglect age-groups and consider the 
figures for all males it seems that the same rule holds good: for instance, 
Kakamega differs from Sokoto and Nairobi, not only in that the proportion of 
infested men is about three times as high, but also because heavier infestations 
are relatively commoner, as the following figures show: 


Nairobi 


Kakamega 


Lagos 


Percentage of infested heads (for each place separately) 


Colombo 
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% of infestations 


No. of ¥ 101 lice 
Place heads Nil 1-10 11-100 and up Reference 
Sokoto 406 89 8 2 0-5 Table I 
Nairobi 415 91 6 3 0-2 Page 90 
Kakamega 177 72 10 14 3 Table VIII 


This is perhaps a point of general interest, worth a little further investiga- 
tion. Instead of sorting the infested people into categories, it would be better 
to make use of the actual numbers of lice recovered from individuals: but so 


Table XIII. Giving the percentage of all heads which contain 
no lice, 1-10 lice, ete. 


Percentage of heads 


Place No. of heads Nil lice 1-10 11-100 101-1000 lice 
Sokoto 409 89-6 76 2-2 0-5 
Nairobi 415 91-0 58 2-9 0-2 
Kakamega 359 74-9 10-9 11-7 2-5 
Colombo* 240 47-9 33-8 14-6 3-7 
Lagost 102 79-4 6-9 8-8 49 


* Adult lice only: figures from other places relate to adults and larvae. 
t+ See Buxton (1936). 


much scatter occurs in these numbers that the arithmetic mean is far from 
representing the truth, as is shown by the following figures derived from two 
age-groups from Kakamega: 


Age-group Actual no. of lice recovered from No. Arithmetic Mean log. 
years individual heads infested mean lice lice 
21-30 1, 1, 1, 2, 2, 2, 6, 32, 66, 415, 1459 ll 181 0-98 
31 and up 1, 13, 22, 23, 30, 31 6 20 1-13 


In this case and many like it, a single high infestation greatly outweighs all 
the others if one makes use of the arithmetic mean; it is therefore preferable 
to take the logarithms of the individual counts and use the mean of the 
logarithms for purposes of comparison (for a fuller discussion see Williams 
(1937)). This is done for several separate age groups in different localities 
(Table XIV): the comparison between rate of infestation and mean log. lice 
per infested head is also brought out in Fig. 2, which shows that there is some 
positive correlation. (It is also evident that local or racial differences exist; for 
instance the counts of age-groups from Kakamega are higher than those from 
Colombo, though the rate of infestation is lower.) 

A similar correlation is found by comparing sexes rather than age-groups; 
going back to the original date from Lagos (compare also Buxton, 1936, 
Table II) the following figures have been extracted: 


No. of heads Lice per person 
No. %, Arithmetic 
Sex Total infested infested mean Mean log. 
Males 77 10 13 175-7 1-28 


Females 25 ll 44 74-6 1-52 
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Fig. 2. Showing the relation between the rate of infestation and the mean logarithm of lice, in 
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Table XIV. Showing the proportion of people infested and the number of 
lice per infested person for certain places and age-groups (males only) 


No. of heads Lice per infested person 
Age-group No. % “arithmetic Mean 
Place years Total infested _ infested mean log. 
Sokoto 6-10 53 ll 21 22-3 0-98 
11-15 140 16 11 6-1 0-42 
16-20 87 10 ll 24-1 0-65 
* 21 and up 126 5 3-5 10 0-00 
Nairobi 16-20 66 8 12 9-0 0-36 
21-30 272 24 9 12-5 0-68 
31 and up 54 2 4 2-0 0-30 
Kakamega 0-10 15 4 27 20-8 1-17 
11-15 22 12 54 103-0 1-40 
16-20 42 16 38 38-2 1-23 
21-30 64 ll 17 181-0 0-98 
31 and up 34 6 18 20-0 1-03 
Ceylon* 14-20 92 62 67 39-5 0-90 
21-25 52 29 56 19-3 0-63 
26 and up 95 34 36 34-4 0-67 


* Only adult lice are recorded. 


One may sum up the matter by saying that, in any series of groups (by age, 
sex, weight of hair, etc.), there tends to be a positive correlation between the 
proportion of people infested with this parasite and the mean number of lice 
among those infested. This is not surprising, but has perhaps not been pre- 
viously demonstrated. 

The effect of season on the abundance and distribution of lice. Most of the 
collections on which this paper is based were made during periods of 12-15 
months; one must therefore accept any apparently seasonal event with caution, 
remembering that the regularity of its occurrence has not been established. 

In considering whether lice are more widely distributed or more abundant 
at one time of year than another the following facts should be considered. In 
a small collection of material from Lagos (Buxton, 1936) no seasonal difference 
could be established; the same is true of the material from Colombo reported 
above. This is not unexpected, for Lagos and Colombo both have a very 
equable climate so far as the temperature and humidity are concerned, though 
there is some seasonal difference in the distribution of rain. 

But in most of the other places from which specimens were collected the 
seasons are sharply defined; in Sokoto the climate is of a monsoon type (see 
p. 88). Evident difference was found in the number of people infested with 
lice at the two seasons. For instance in Hausas of all ages 8-2°% were infested 
in the wet season, 15°% in the dry; moreover, the difference was observable in 
separate age-groups and was statistically significant in one of them. 

In the material from Nairobi no clear seasonal difference has been estab- 
lished, though the figures from month to month fluctuate greatly. 

The specimens of hair collected at Kakamega showed a clear seasonal 
difference, adult males of all races having an infestation rate of 36% in the 
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monihs from June to October and 14% in the other months; this difference. 
was significant, as was a very similar difference among the males under 21 years 
of age. On the whole the months in which lice are more frequently found are 
the colder and wetter months. 

The material from Jerusalem was collected with clippers, not with a razor, 
and is therefore very imperfect; but it seems that lice are more frequent in 
the cold, rainy winter than in the hot, dry summer. It is generally held that 
this is true throughout the Mediterranean. 

It seems then to be established that in those places with an equable 
equatorial climate (Lagos and Colombo) there is no evidence that the rate of 
infestation changes with season: but in the other places (except Nairobi) there 
are great seasonal changes both in climate and also in the rate of infestation. 
This in itself gives good ground for supposing that climatic events have some 
effect, direct or indirect, on the distribution of lice in a human population. 

Medical literature contains many general statements to the effect that lice 
appear to be more prevalent at one time of year than another. Few of these 
statements are based on any record of the proportion of people found infested 
at different times of year, and there is also some tendency to assume that if a 
louse-carried disease is more prevalent at a certain season a corresponding 
prevalence of lice will be discovered. I propose therefore to disregard all these 
general statements and to consider only the quantitative information which 
we possess about the seasonal periodicity of these insects. We owe to Cragg 
(1922) a valuable collection of data for a part of the year. Working at Agra, 
India, he examined prisoners newly admitted to jail and found that all or nearly 
all were infested with body lice during February, March and the first part of 
April. On 25 April 13 out of 53 prisoners were free of lice and among the rest 3 
or 4 per man was an average count. On 16 May 53 prisoners were searched 
carefully; 20 were free of lice, 24 had less than 5 and the remaining 9 men had 
between 5 and 38 lice. The increasing rarity of the insect is attributed by 
Cragg to the influence of the very hot, dry weather which prevails in northern 
India at this season. It was observed by myself that in the hot, dry summer 
of the Persian plateau, body-lice became very rare, though 5-10% of Indian 
troops continued to be infested, the infestations being very light and only 
discoverable after careful search; I also published a general statement, un- 
supported by actual counts, that in winter in Iraq and the Persian plateau the 
insects are widely distributed among people and generally abundant (Buxton, 
1920). 

Hamer (1909) caused a careful search for lice to be made in 550 beds in 
common lodging-houses in London throughout the year 1908. There was some 
evidence of a seasonal periodicity. The highest proportion of beds was infested 
in February, the lowest in June; moreover, in the period from April to the 
middle of July less than 20% of beds were infested, whereas the percentage was 
generally above that figure in the other months of the year. These figures may 
perhaps signify that lice were actually commoner in winter than summer: 
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equally well they may mean that the proportion which left the man and 
remained on the bedding was for some reason influenced by season. 

My own data on the head-louse, and the other work quoted above on the 
body-louse, lead to the conclusion that in most places Pediculus is more widely 
distributed among human beings at the colder, wetter time of year. This seems 
to have been established for Kakamega and Jerusalem, also for the United 
Provinces, India (Cragg, 1922) and perhaps London (Hamer, 1909). My own 
observations in the plains of Iraq and the Persian plateau (Buxton, 1920) 
suggest the same seasonal distribution. But the figures for Sokoto are in- 
consistent with the above, though the climates of Sokoto and northern India 
are similar, not only in that both have a pronounced monsoon, but also in that 
the changes occur in nearly the same months in both places. In spite of this 
the people of Sokoto are more frequently infested in the dry season, whereas 
in northern India and Iraq they are less infested at the end of the dry season. 
This inconsistency might disappear if more material were available for Sokoto, 
for it might then be found that lice suddenly become rare at the end of the hot, 
dry weather in April and May, though the few figures available (Table I) do 
not suggest that this is so. But if it is established that the hot, dry months 
are not unfavourable to the insect, the difference between Sokoto and northern 
India may be due to some difference in the people or their habits. This point is 
a general one of some importance. Even if it is established that lice are 
common, and that people are more commonly infested in the rainy months at 
a certain place, it should not be assumed that that is due directly to rain, high 
humidity, lower temperature or any other climatic event. Differences in the 
distribution of lice may be due to the fact that during the rains the people live 
more in their houses and less in the open air, that they wear more clothes or 
that some recurrent event in their religious life or agricultural work brings 
them together, or causes them to migrate at that season. For this reason 
studies such as these should be carried out in the country concerned and by 
someone with a full knowledge of the life and habits of the local races. 

It has been generally recognized for a number of years that it is important 
to acquire information about the seasonal differences in the prevalence of lice 
in those countries which suffer from epidemics of major diseases carried by 
these insects. Perhaps the opportunity is a good one for pointing out the need 
for better collections of fact. So far as the head-louse is concerned, a method is 
now available which gives good results provided that it is possible to shave 
large numbers of people. For the body-louse we have at present no similar 
technique, but it would be of great service if even approximate data could be 
collected throughout the year to show the number of people who are free of 
infestation, or slightly, or heavily infested. A considerable body of fact is also 
required about the physiology of Pediculus and particularly its relation to 
temperature and humidity. Till more facts are available about the prevalence 
of the insect and about the effect of climatic factors upon it, it is difficult for 
the entomologist to contribute much to the understanding of the epidemiology 
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of the diseases carried by lice. In saying this I do not forget the value of work - 
such as that published by Cragg (1922), who put forward some well thought out 
views on the biology of lice in the plains of northern India. According to Cragg, 
in the cold winter the insect can hardly walk except on the surface of its host 
and this prevents it from spreading from man to man; at the beginning of the 
warm weather it can run freely about the house; in the height of the hot, dry 
weather most of the lice are killed. Future work may well show that Cragg’s 
views are correct, but except where they are based on an examination of 
prisoners admitted to Agra Jail, as quoted above, they are no more than a 
reasonable hypothesis. 

Future workers wishing to get knowledge about the effect of climatic 
seasons on lice would do well to investigate both head-lice and body-lice in the 
same human community. So far as I am aware this has not been done. On 
general grounds one would suppose that the effect of climate would be the same 
on the two forms, and this is doubtless true so far as insect physiology is 
concerned. But the effect of human customs in clothes and head-dress may 
perhaps be so great as to give different periodicities to the two forms of louse. 

Personal factors. Three general points relating to the distribution of the 
parasite in the human community as a whole have been established; the 
distribution is very far from “‘normal”’: there is a positive correlation between 
the number of people infested and the number of lice on those infested: the 
number of people infested (and presumably the number of lice) is affected by 
seasonal changes in those countries in which the climate shows pronounced 
seasonal changes. It now remains to record certain factors which may be called 
personal because they affect some individuals, but not the whole community. 

With regard to a person’s race, little has yet been discovered. From most 
of the places studied my figures are insufficient, nearly all individuals belonging 
to one racial group. There is some evidence among male prisoners in jails at 
Nairobi and Colombo that race influences rate of infestation, but none of the 
differences are statistically significant. One is at first sight tempted to draw 
more general conclusions: to point out, for example, that the rate of infestation 
in male Hausas at Sokoto and male Kikuyu in Nairobi Jail is the same (11%), 
or to contrast the above with the 25% rate in the crude figures for Kakamega. 
But conditions of collection etc. are so different that it is doubtful if the 
figures should be compared. It is quite certain that one cannot legitimately 
compare Asiatics with long hair, with Africans with very short tightly curled 
hair. 

There appear to be few references to racial differences in infestation. Sobel 
(1913) published figures accumulated in New York City from 1909 to 1912: 
in 26,212 white schoolchildren the rate of infestation was 16-5°%, whereas in 
2579 “coloured” children the rate was 0-5%. Rather similar figures from 
Georgia, U.S.A., are quoted by Sobel, who states that the coloured parent 
devotes much time and attention to the children’s hair, endeavouring to 
straighten it by the use of vaseline and the comb. 
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It can hardly be doubted that very great racial differences will be found to 
exist, particularly in Africa where there are so many tribal customs in the use 
of oil, clay, wax and other cosmetics, and where certain races favour styles of 
hairdressing which involve putting up the hair in an almost permanent manner. 
The investigator of the future should give attention to this, and should 
record not only the race or tribe of the individuals, but also how long they have 
resided in the place where the material was collected. 

When one tabulates the individuals by age it is found in several places that 
the rate of infestation falls consistently with rising age. For instance, at 
Sokoto among people of all races the following rates of infestation were 
observed : 6-10 years 21%, 11-20 years 11%, 21 years and up 4% (Table III). 
Taking the figures for Hausas a similar phenomenon was observable and the 
difference was significant. More frequent infestation in the young was observed 
among males from Kakamega, both among those of all races and also in the 
most numerous race, the Jaluo: also among prisoners in jails at Nairobi and 
Colombo, the rate of infestation being higher in youths than in adults. Though 
all my information is derived from males there seems little reason to doubt 
that girls will be found to be more frequently infested than women. 

The work of Greenough (1887), carried out in Boston, U.S.A., shows that 
among 500 people found to be infested the great majority were under 15 years 
of age, but the value of this is limited, for no information is given as to the 
number of uninfested people of different ages among those examined. Nuttall 
(1917) has collected a number of records showing the prevalence of head-lice 
in children, particularly in girls. 

It is unfortunate that, so far as I know, no one has published adequate 
figures about the infestation in infants or very small children. Setting them 
aside, it is clear that in several parts of the world infestation becomes rarer 
with increasing age; this is evidently a very general phenomenon which has 
been recorded among Caucasians, Sinhalese and Africans of several races. It 
seems clear therefore that it is not due to particular racial or tribal customs in 
the matter of washing or hairdressing. A more likely explanation is that once 
a child is old enough to be left to itself it passes through a period of years 
during which it is careless about dress, appearance and infestation: it is only 
when the individual is adolescent or adult that it becomes interested in its 
person. The rate of infestation in different age-groups reflects this general 
tendency. 

Nuttall (1917) has recorded that there is a tendency for head-lice to be 
more frequent among the aged of the poorer classes, perhaps because they are 
more neglectful or destitute. In the populations which I have studied I have 
not found any evidence that this is so. 

With regard to the person’s sex, no material from females is available from 
most of the places where collections were made. Among the villagers at 
Kakamega there is no difference between males and females as a whole, or by 
age-groups. On the other hand at Lagos (Buxton, 1936) there is a statistically 
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significant difference, adult females being more frequently infested than the 
males; this was shown for people of all races and for natives of the south of 
Nigeria. The difference is probably related to a great difference in the weight 
of hair per head, males carrying 6-7 g. and females about 24g. Among 
Europeans and particularly among European children, it is generally known 
that infestation is much commoner among girls than boys; it is probably 
correct to explain this by the fact that the girls’ hair is generally longer. The 
figures quoted by Sobel (1913) are relevant. He states that many of the schools 
in New York City confine themselves to children of one sex: in a considerable 
number of schools which contained boys only the rate of infestation ranged 
between 1-5 and 6%, the corresponding figures for girls being 10-28%: this 
is in the period from 1909 to 1912. It seems that a similar difference exists in 
China, and that there also it is related to the greater length of hair of women: 
Robertson (1932), after recording the great prevalence of body-lice, says that 
head-lice are rare, generally seen on beggar women and slave girls; they are 
rare on men, whose hair is short. Nuttall (1917) quotes other examples. One 
may sum up the evidence by saying that in many countries girls and women 
tend to be more frequently infested with head-lice than in others, but that in 
other countries this is not so: the difference between countries doubtless 
depends upon local customs in hair-cutting and coiffure. 

We have a considerable amount of information regarding the relation of 
weight of hair to infestation. In considering the facts it should be remembered 
that if the size of the head is nearly uniform, as in adults, the weight of hair 
is probably a rough guide to its length; but when the individuals examined 
include children this relation no longer holds good because their heads are 
small. It is probably best therefore to work within age groups as far as possible. 
Figures collected at Lagos showed that the crop of hair of adult females was 
much heavier than that of adult males, but there is no relation within one sex 
between weight and frequency of infestation. The figures from Sokoto gave a 
more conclusive result; working on Hausas only, it was found that the weight 
of hair among the infested was greater than that among those not infested in 
most age-groups, and that the means were significantly different. Sub- 
stantially the same thing was found in the material from Colombo whether one 
considered the Sinhalese alone or men of all races. The same tendency was 
shown by the figures collected at Nairobi and Kakamega, though in these places 
the differences are not significant. 

It is evident that there must be a very large amount of individual difference 
to account for the fact that at the same place and season and within the same 
age-group, sex, etc., one observes great differences in the infestation of 
different human beings. But though these individual factors are doubtless 
important they are difficult to study and have been much neglected. It is 
probably true to say that the individual differences are due to many causes: 

(1) There must be much variation among normal healthy people. For 
instance, Strong (1918) records that in the experiments on trench fever, cells 
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containing considerable numbers of lice were fixed for long periods to 23 human 
volunteers: 10 of these men said that their sleep was hardly interfered with at 
all, 11 that they slept fairly well and 2 that they slept very badly. Hase (1915) 
studied the reactions of about 1000 men, who could be separated into four 
groups: those who never became infested in spite of living among those who 
were infested; those who remained sensitive to the bite even after months of 
exposure; those who had been sensitive but became immune to the bite; and 
those who, though infested, had never at any time perceived any reaction. 
Hase gives no information as to the number of individuals who fell into these 
four categories. 

(2) The probability of being infested, and heavily infested, will be increased 
by disabling conditions, long illness, destitution, feeble-mindedness, etc. 

(3) An individual’s vanity, indifference, etc. will affect his chance of be- 
coming and remaining infested. 

(4) Individual preference and local customs in the matter of hair-cutting 
and hairdressing, the use of cosmetics, etc., must be a factor of considerable 
importance. 

It seems probable to the writer that these individual factors are perhaps 
more important than all the others, but they cannot be studied or demonstrated 
on the type of material which has been available. It might be possible to study 
this subject by experiments on volunteers and so to discover whether the 
insect exercises a choice between two individuals and whether there are any 
people upon whom it refuses to feed, at least until pressed by hunger. 


VI. SumMARY 


1. The material which is discussed in the present paper consists of more 
than 2000 crops of hair collected from Sokoto, Nigeria; Nairobi and Kakamega, 
Kenya; Colombo, Ceylon; and Jerusalem, Palestine. The amount of material 
examined is considerable, but it must be admitted that it has not been found 
possible to obtain an unselected sample representative of any human com- 
munity as a whole. 

2. The paper gives detailed information about the prevalence of head-lice 
in respect of the individual’s race, sex, age, weight of crop of hair and the 
season of the year. 

3. The following general conclusions may be drawn: 

(a) The distribution of lice among a population of people is skew. Among 
infested persons the commonest count is always low (generally 1-10 lice), but 
occasional counts of many hundreds or a few thousands are recorded. 

(6) If the people are grouped by age, sex, etc. a positive correlation is 
generally found between the proportion of men in each group who are infested 
and the mean number of lice per infested person. 

(c) There is clear evidence from several places that season affects the 
frequency of infestation. In most but not all places the insect is most widely 
distributed in the colder, wetter part of the year. It is not known whether this 
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is due to some effect of climate upon the insect itself or upon human habits and 
activity. 

(d) It will doubtless be found that the individual’s race is an important 
factor in determining infestation, but little has yet been established on this 
subject. 

(e) Wherever material has been available from individuals of widely 
different age, it has been found that boys are more infested than youths, who 
in turn are more infested than grown men. 

(f) In some places females are more frequently infested than males, though 
it was established that there was no difference between the sexes at Kakamega. 

(g) The weight of the individual's crop of hair is in most places positively 
correlated with infestation. 

4. Many of the factors mentioned in 3 (d)-(g) are local and depend on 
racial customs. It is emphasized that further investigations would be most 
profitably carried out in the countries concerned by men well acquainted with 
the local people and their ways. 

5. There are probably a large number of individual differences due to 
sensitiveness, vanity, general health, etc.; these have hardly been studied at 
present but it is probable that collectively they are very important. 
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LARVAE AND PUPAE OF TACHINIDS PARASITIZING 
PIERIS RAPAE L. AND P. BRASSICAE L. 


By G. A. BISSET 
(With 37 Figures in the Text) 


INTRODUCTION 


THE purpose of this work has been to identify and describe the immature 
forms of those species of tachinids which have occurred as parasites of Pieris 
rapae and P. brassicae at the Imperial College Field Station, Slough, Bucks. 


I am indebted to Dr O. W. Richards for all the material which I have used, 
and for his kind help and supervision throughout. 


MATERIAL 


The material was obtained from larva and pupae of P. rapae L. and 
P. brassicae L. collected from cabbages in the months of July—October in 
1932, 1933 and 1934. Some of the specimens were dissected from the host 
immediately, others on the death of the host (usually due to the emergence of 
braconid parasites), and others were bred through to the adult stage. In 1932 
all the larval material was mounted in canada balsam, and in 1933 and 1934 
it was preserved in 70% alcohol. 

The species concerned are: (1) Phryzxe vulgaris Fall. (2) Phryxe nemea Mg. 
(3) Epicampocera succincta Mg. (4) Compsilura concinnata Mg. (5) Unknown 
species. 

METHOD 


The third stages of all bred species could be easily identified from the mouth- 
parts and spiracular plates preserved in the puparium. The finding of a second- 
stage moult of Phryze vulgaris together with a specimen in the third stage 
fixed the final stages of this species, and the occurrence of first-stage specimens 
about to moult, showing the typical mouth-hooks and posterior spiracles of 
the second stage settled the whole sequence. 

Compsilura concinnata is quite easily recognized in all its stages and has 
been described and figured (Culver, 1919). 

The remaining larvae present in some numbers were then practically 
certain to be the first stage of Epicampocera succincta, as this species together 
with Phryze vulgaris is responsible for a high percentage of the parasitism by 
tachinids. One other unknown first stage remained which is still unidentified, 
but a figure is given of the mouth-hooks in the hope that these may be 
recognized at some future date. Only the adult Phryxe nemea was found, but 
the third-stage mouth-hooks and spiracles could be figured from the puparium. 
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LITERATURE 


Nielsen (1913) describes the first-, second- and third-stage larvae of a fly 
which he identified as Phryxe vulgaris Fall., but it certainly is not this species, 
the mouth-hooks and third-stage posterior spiracles figured being very like 
those of Compsilura concinnata, while the third-stage anterior spiracles are 
entirely different. 

Baer (1921) in describing the immature stages of Phryze vulgaris Fall. 
follows Nielsen’s work and reprints his figures of the larval mouth-parts. 
W. R. Thompson has described many first-stage larvae but none of those under 
discussion. Thompson & Thompson (1921) describe the larva of Zenillia 
roseanae B. and B., which is closely allied to Phryxe. Greene (1921) figures 
several puparia of the genus Ezorista in which some authors place Phryzxe but 
does not include P. vulgaris. Bouché (1834) first described the larva and pupa 
of Compsilura concinnata but did not mention the anal spines of the first stage. 
He also stated that the prothoracic spiracle of the third-stage larva is divided 
into eight, whereas I find twenty-five separate openings. 

Pantel (1910) refers to Phryxe vulgaris under the name of Blepharidia 
vulgaris. It comes into his Group 6: species depositing on the body of the host, 
eggs on the point of hatching or hatched larvae. Compsilura concinnata 
belongs to Group 7 of Pantel: species introducing into the body of the host, 
by means of separate instruments of perforation and innoculation, larvae 
which have hatched out or are on the point of hatching. 

Culver (1919) describes the three stages of C. concinnata but does not give 
a good figure of the first-stage mouth hooks nor any figure or description of the 
second- and third-stage anterior spiracles. 


DESCRIPTION OF LARVAL AND PUPAL STAGES 


The main features for identification of these larvae are the mouth-hooks 
and spiracles, while the series of spines with which the segments are furnished 
are a considerable help. These spines are arranged in broken rows so that it is 
impossible to give the exact number of rows, but I give in the descriptions a 
general idea of the arrangement. The spines on the anterior borders of the 
segments are directed backwards and those on the posterior borders forwards. 

The segments are numbered from the head: i.e. the head is taken as 
segment I. 


1. Phryxe vulgaris Fall. 

First stage. Sixty-nine specimens examined, sixty-six from Pieris rapae 
and three from P. brassicae. Size: 1-16-3-9 x 0-45-0-87 mm. 

On the anterior borders of segments II—IV are belts of spines; three to four 
rows dorsally, those of segment II being somewhat larger; two to three rows on 
segment II laterally, four to five on segment III, and three to four on segment 
IV; four to five rows of more numerous spines on the ventral surfaces of 
segments II and III, and three to four rows on segment IV. Segments V-XI 
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have two to three rows of small scattered spines, ventral only on V and VI, 
ventral and lateral on VII and VIII, and completely encircling segments [X-—XI. 
On segment XII are two groups of four to six large spines dorsal and ventral 
to the posterior spiracles, the dorsal ones being directed upwards and the 
ventral ones downwards (Fig. 1). 

The bucco-pharyngeal armature (Fig. 18) consists of a double basal piece, 
fused ventrally and having upper and lower wings, the upper and lower 
pharyngeal plates of Nielsen; a single median piece which arises from the 
fusion of the double basal piece, and ends in a sharp tooth bent at right angles, 
the anterior edge of which is finely serrate; a triangular lateral piece lying on 
either side of the median piece, below the tooth; posterior to this on the 
ventral surface is a plate having no articulation with the rest of the skeleton, 
which represents the ventral sclerite of the salivary duct according to Thompson, 
or the plate below the skeleton according to Nielsen. The posterior spiracles 
are bilobed, appearing heart-shaped when viewed posteriorly (Fig. 1). 

First stage at moult. Eight specimens examined taken from Pieris rapae. 
Size: 2-62-5-22 x 1-05-? 

These show the curved mouth-hooks of the second-stage larva overlying 
the first-stage bucco-pharyngeal armature (Fig. 19) and the second-stage 
spiracles lying outside the small first-stage ones (Fig. 2). 

Second stage. Thirty-five specimens examined taken from Pieris rapae. 
Size: 3-0-4-5 x 1-4-1-7 mm. The arrangement of the rows of spines is shown 
on the following table: 


Dorsal Lateral Ventral 
Segment Anterior Posterior Anterior Posterior Anterior Posterior 
Il 5-6 3 8 
Ill 6-7 4 12 
IV 5 ; 4 12 » 
4 4 7 4 
VI 4 ‘ 4 ‘ 3-4 7 
VII 4 ‘ 45 445 3-4 9 
VIIL 3-4 . 5 6 3 9 
Ix 3 2 5 6 3 8 
x 3 4 5 6-7 3 7 
XI 2-3 6-7 5 6-7 3 5 


For spines on segments VII and VIII, see Fig. 29. 


On segment XII are two groups of spines dorsal and ventral to the posterior 
spiracles, the dorsal ones being directed upwards and the ventral ones down- 
wards (Fig. 3). 

The bucco-pharyngeal armature (Fig. 20) is double, the place of the median 
piece being taken by a pair of strongly curved mandibular hooks which are 
joined ventrally near the base by a narrow plate, the ventral sclerite of the 
salivary duct. The bases of the mandibular hooks articulate with the anterior 
borders of the basal piece, which is divided into upper and lower pharyngeal 
plates as in the first stage. Anterior to the sclerite of the salivary duct are two 
small chitinous rings, the hypopharyngeal plates according to Thompson, and 
in front of them lies the labium. 

Parasitology xxx 8 
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The posterior spiracles are large and distinct, each terminating in a straight 
double opening with fluted edges (Figs. 2 and 3). The anterior spiracles are 
simple (Fig. 4). 

Third stage. Four specimens examined from Pieris rapae. Size: 9-5 x 
2-5 mm. 

On the anterior border of the ventral surface of segment II are four to five 
rows of quite distinct spines; on segment XII are six short rows of spines 
dorsal, and eight rows ventral, to the posterior spiracles. This is shown in the 
posterior view of the puparium (Fig. 6). Apart from these the spines on the 
third-stage larva are much less distinct than those of the second stage but 
identification is made certain by examination of the bucco-pharyngeal arma- 
ture and the posterior spiracles. 

In many tachinids the third-stage larva has articulating pieces, the 
anterior pharyngeal plates according to Nielsen, between the mandibular hooks 
and the basal piece, and these are joined by the ventral sclerite of the salivary 
duct (see Compsilura, Fig. 27). This articulation is not shown in Phryze 
vulgaris (Fig. 21). The mandibular hooks are broader but less curved than those 
of the second stage. The upper pharyngeal plate is twice as broad as the lower. 
The hypopharyngeal plates and the labium are similar to those figured for 
Epicampocera (Fig. 25 a). 

The posterior spiracles are described and figured from the puparium in 
which they are preserved (Fig. 7). The anterior spiracles appear to have a 
single opening (Fig. 5). 

Puparium. Nineteen specimens examined from Pieris rapae. Size: 
5-94-7-92 x 2-81--3-58 mm. 

The length of the puparium varies from two to two and a half times the 
width. It is dark red-brown, smooth and shining, with the segmentation 
distinct except on the ventral surface. The posterior end is more pointed than 
the anterior. The spiracular plates are raised above the surface of the puparium 
and situated terminally (Figs. 30 and 31). 

Length of spiracular plates: 0-30-0-36 mm.; average 0-33 mm. Width of 
spiracular plates 0-26-0-32mm.; average 0:-29mm. Distance between 
spiracular plates: 0-02-0-06 mm.; average 0-04 mm. 

These plates are nearly square with the inner margin straight (Figs. 6 and 
7). The respiratory openings are four in number, or there may be a fifth short 
opening, the latter number being more common in the specimens examined. 
The number of openings may differ in the right and left plates. They are 
serpentine, the upper pair shorter and simpler. The extra opening lies between 
the two pairs and is short and simply curved. The anal papilla is large and 
distinct, half the size of the spiracular plates and the opening is transverse 
(Figs. 6 and 31). 


2. Phryxe nemea Mg. One specimen bred from Pieris rapae. 
Third stage. The bucco-pharyngeal armature taken from the puparium 
resembles Phryxe vulgaris in that the anterior pharyngeal plates are not 
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present as separate articulations (Fig. 22). These plates and the mandibular 
hooks are much narrower than those of P. vulgaris and the plate of the salivary 
duct is placed further forward. The lower pharyngeal plate is nearly as broad 
as the upper. ; 

Puparium. Size: 1-12x 2-92 mm. It resembles P. vulgaris in colour and 
shape. The posterior spiracular plates are in a similar position but smaller and 
farther apart, and only very slightly raised above the surface of the puparium 
(Figs. 32 and 33). 

Length of plates: 0-216 mm. Width of plates: 0-186 mm. Distance between 
plates: 0-075 mm. 

The plates are rounded (Figs. 8 and 9) with four serpentine respiratory 
openings simpler than those of P. vulgaris. The upper pair are shorter and 
simpler than the lower. The anal papilla is small and indistinct. The opening 
is transverse. 


3. -Epicampocera succincta Mg. 

First stage. Seven specimens examined taken from Pieris rapae. Size: 
1-47-1-6 x 0-39-0-4 mm. 

The spine belts in this larva are more regular than in the first-stage 
Phryze vulgaris and much more easily seen. The arrangement is as follows: 

On the anterior borders of segments II-IV are broad spine belts; segment II 
has six dorsal rows, two to three lateral rows and three to four ventral rows: 
segment III has six to seven rows dorsal and ventral and four rows lateral; 
segment IV has two to three rows dorsal, four rows lateral and five rows 
ventral. Segments V—XI have four to six rows of spines on the ventral anterior 
border, these becoming larger in segments IX, X and XI; they then thin off 
laterally to four rows of very scattered spines and dorsally to three or four 
rows which are rather difficult to see. On the posterior ventral border of 
segment X are two to three rows of spines and on segment XI there are four 
to five rows, thinning off to two or three lateral and dorsal rows. On segment 
XII below the posterior spiracles are two rows of downwardly directed spines 
and anterior to these, five rows which thin off laterally to two rows. 

In the bucco-pharyngeal armature (Fig. 23) the tooth is not so sharply 
angled with the median piece as in P. vulgaris and is unserrated. The lateral 
piece is roughly hexagonal and the sclerite of the salivary duct is very narrow. 
The posterior spiracles are of the usual shape (Fig. 10). 

Second stage. Three specimens examined taken from Pieris rapae. Size: 
2-38 x 1-4 mm. 

Owing to the bad state of preservation of these specimens and the smallness 
of the spines, the arrangement of these latter is difficult to ascertain. On the 
anterior borders of segments II and III there are four to five irregular rows of 
spines on the ventral surface and a few scattered spines on the dorsal surface. 
There are a few spines on the ventral surface of the anterior border of segment 
IV. Segment X has several small spines on the posterior border both dorsally 
and ventrally. There appear to be a few spines on the ventral surfaces of the 
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other segments. Segment XII has a few spines on the dorsal and ventral — 


surfaces. 

In the bucco-pharyngeal armature (Fig. 24) the mandibular hooks are short 
and slightly curved, joined ventrally by the ventral sclerite of the salivary 
duct. The basal piece is more rounded than in Phryze vulgaris, and is similar 
in shape to that of the third-stage larva. 

The posterior spiracles (Fig. 11) appear to have a double opening, which is 
sinuate with fluted edges. The more sinuate of these may however consist of 
two separate parts, thus giving one long and two short respiratory openings. 

Third stage. Ten specimens examined taken from Pieris rapae. 

No third-stage larvae were found but the bucco-pharyngeal armature was 
dissected from the puparia (Fig. 25). The sclerite of the salivary duct joins 
the mandibular hooks much farther back than it does in Phryze vulgaris. 
The hypopharyngeal plates are circular chitinous rings and anterior to them 
lie the narrow chitinous struts of the labium (Fig. 25 a). 

Puparium. Size: 5-23-9-02 x 2-64-3-69 mm. 

The length varies from two to two and a half times the width. It is dark 
red-brown, smooth and shining with segmentation distinct. The posterior end 
is blunter than in P. vulgaris and has the dorsal surface flattened so that the 
posterior spiracular plates lie more dorsally (Fig. 34). They are raised above 
the surface of the puparium. 

Length of plate: 0-408-0-605 mm.; average 0-504 mm. Width of plate: 
0-311-0-192 mm.; average 0-131 mm. Distance between plates: 0-08- 
0-192 mm.; average 0-131 mm. The inner margin of the plate is straight and 
the remainder of the periphery rounded. The respiratory openings are four 
in number, serpentine, with more convolutions than in Phryze (Fig. 13). The 
anal papilla is distinct and the opening is longitudinal (Figs. 12 and 35). 


4. Compsilura concinnata Mg. 


First stage. Hight specimens examined, six from Pieris brassicae and two 
from P. rapae. Length: 1-41-2-82 mm. 

On the anterior borders of segments II-IV there are broad spine belts; on 
segment II, five to six rows on the dorsal, and five rows on the ventral and 
lateral surfaces; on segment III there are six to seven rows on both dorsal] and 
ventral surfaces and about five rows on the lateral surface; and on segment IV 
there are five to six rows on the dorsal and ventral surfaces and four rows on 
the lateral surface. On the ventral surface of the anterior borders of seg- 
ments V-X]I there are narrow belts of two or three irregular rows of spines; on 
the posterior borders there are four to five rows on the ventral surface only of 
segments V—X, and a complete ring on segment XI. On segment XII are two 
large dorsally directed spines above the posterior spiracles, and a single large 
ventrally directed spine below the posterior spiracles (Fig. 14). 

In the bucco-pharyngeal armature (Fig. 26) the tooth is unserrated, the 
lateral pieces small and triangular, and the plate of the salivary canal broad. 
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Beneath the lateral pieces lies another large chitinous plate, roughly quad- 
rangular in shape. 

The posterior spiracles are larger than in Phryze. 

Second stage. No second-stage larvae were found, but a figure is given in 
Culver (1919). 

One specimen examined from Pieris rapae. Size: c. 9x 4 mm. 

The arrangement of the spines is not very easily ascertained, the last two 
segments being the only ones in which they could be noted with any certainty. 
On the posterior borders of segments X and XI are seven to eight rows on the 
dorsal and lateral surfaces and four to five rows on the ventral surface. On the 
ventral surface of the anterior border of segment XI there are six rows of 
spines. Segment XII has six very distinct rows of spines on the ventral, and 
two to three rows on the dorsal and lateral surfaces. 

In the bucco-pharyngeal armature the mandibular hooks have a dorsal 
root stretching one-third the length of the anterior pharyngeal plate, and 
lying along its inner dorsal surface. At right angles to the dorsal root is a long 
ventral root. The plate of the salivary canal articulates with the basal parts 
of the anterior pharyngeal plates (Fig. 27). 

The anterior spiracles are somewhat raised above the surface, the exterior 
part of the spiracle being strongly chitinized. The openings are twenty-five 
in number (Fig. 15). The posterior spiracles are described from the puparium. 

Puparium. Six specimens examined, one from Pieris brassicae, three from 
Sphinx ocellatus, and two from Acronycta aceris L. Size: 7-25 x 3-0 mm. 
from Pieris brassicae, 7-5 x 3-3-3-5 mm. from Sphinz ocellatus, 8-5 x 4-0 and 
4-0 x 1-75 mm. from Acronycta aceris. 

The puparium is dark red-brown, smooth and shining. The posterior 
spiracular plates are hardly raised above the surface and are situated terminally 
(Figs. 36 and 37). Length of plates (spec. from Pieris) 0-209 mm. Width of 
plates (spec. from Pieris) 0-187 mm. Distance between plates (spec. from 
Pieris) 0-132 mm. The plates are triangular in shape. There are three slits, 
each being straight and lying on a slightly raised ridge directed towards the 
inner lower corner of the plate (Fig. 17). The anal papilla is nearly as large as 
the spiracular plates and the opening is transverse (Figs. 16 and 37). 


5. Unknown species. 


First stage. Thirteen specimens examined from Pieris brassica. Length: 
1-4-2-0 mm. These specimens were in bad preservation and the only spines 
which could be seen were four to five rows on the anterior border of segment II. 

In the bucco-pharyngeal armature (Fig. 28) the basal pieces terminate 
anteriorly in two blunt points, overlying these are two hooks which unite in 
front to form the median piece and the slightly curved tooth. This apparent 
division of the skeleton into anterior and posterior parts is on the dorsal surface 
only, the whole remaining united ventrally. The lateral pieces are triangular 
with the anterior points curved downwards to form tooth-like projections. 
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The ventral sclerite of the salivary duct is small and lies just behind the 


apparent division of the skeleton. The upper pharyngeal plates are narrow 
and strongly curved, being widely separated from the broader lower pharyngeal 
plates. The posterior spiracles could not be seen. 


Note. Dr W. R. Thompson who saw the manuscript of this paper suggested 
that this undetermined species is a Miltogrammine larva, the buccopharyngeal 


‘armature being quite characteristic of this group. It is not, however, any of the 


species described by him in his paper “‘ Les larves des Sarcophagidae” (1921) 
and still remains unidentified. The record is very curious and interesting since 
insects of this group spend the larval stage in the nests of Hymenoptera. 


EXPLANATION OF FIGURES 1 TO 37 
Phryze vulgaris 
1. First stage, posterior spiracles and large spines on segment XII (x 486). 2. First stage, 
at moult, second stage posterior spiracles lying outside the first stage spiracles ( x 486). 
3. Second stage, posterior spiracles (x 105). 4. Second stage, anterior spiracle ( x 105). 
5. Third stage, anterior spiracle ( x 333). 6. Puparium, posterior view ( x 15). 7. Puparium 
tight posterior spiracular plate ( x 105). 


Phryxe nemea 
8. Puparium, posterior view (x15). 9. Puparium, right posterior spiracular plate ( x 105). 


Epicampocera succinata 
10. First stage, posterior spiracles (x 486). 11. Second stage, posterior spiracles ( x 486). 
12. Puparium, posterior view ( x 15). 13. Puparium, right posterior spiracular plate ( x 105). 


Compsilura concinnata 
14. First stage, posterior spiracles and large spines ( x 486). 15. Third stage, anterior spiracle 
(x 333). 16. Puparium, posterior view (x15). 17. Puparivm, right posterior spiracular 


plate ( x 105). 
Phryze vulgaris 
18. First stage, bucco-pharyngeal armature ( x 365). 19. First stage, at moult, bucco-pharyngeal 
armature of first stage with mandibular hooks of second stage overlying it ( x 365). 20. Second 
stage, bucco-pharyngeal armature ( x 79). 21. Third stage, bucco-pharyngeal armature ( x 79). 


22. Phryxa nemea, third stage, bucco-pharyngeal armature ( x 79). 


Epicampocera succincta 
23. First stage, bucco-pharyngeal armature ( x 365). 24. Second stage, bucco-pharyngeal armature 
(x79). 25. Third stage, bucco-pharyngeal armature ( x79). 25a. Third stage, ventral view 
of the sclerite of the salivary duct, the hypopharyngeal plates and the labium ( x 79). 


26. Compsilura concinnata, first stage, bucco-pharyngeal armature ( x 365). 

27. Ibid., third stage, bucco-pharyngeal armature ( x 79). 

28. Unknown Miltogrammine, first stage, bucco-pharyngeal armature ( x 220). 

29. Phryze vulgaris, second stage, arrangement of spines on posterior border of segment VII and 
anterior border of segment VIII, ventral surface ( x 79). 

30. Ibid., puparium, lateral view ( x 12). 

31. Ibid., puparium, ventral view ( x 12). 

32. Phryxe nemea, puparium, lateral view ( x 12). 

33. Fbid., puparium, ventral view ( x 12). 

34. Epicampocera succincta, puparium, lateral view ( x 12). 

35. Ibid., puparium, ventral view ( x 12). 

36. Compsilura concinnata, puparium, lateral view ( x 12). 

37. Ibid., puparium, ventral view ( x 12). 
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Text-figures 1 to 17. 
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Text-figures 18 to 28. 
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TWO LERNAEOPODIDAE (COPEPODA) 
FROM ROSCOFF 


By W. HAROLD LEIGH-SHARPE, M.Sc. (Lonp.) 
(With 5 Figures in the Text) 


TuE following animals are from a collection made for and kindly presented to 
me by Miss Nora G. Sproston during her visit to the Station Biologique de 
Roscoff, Finistére, in June 1937. 


I. Charopinus schahriar n.sp. 


Habitat and record. One male from Raia macrorhynchus Rafinesque, 
deeply embedded in mucus on the gills. There are two features of special 
interest in this acquisition: (1) I know of no record in which a male has been 
found solus, the males of this family being borne by the female. (2) In no 
other male Charopinus, nor indeed among the males of this family is there such 
a disparity between the maxillipedes and second maxillae. Also (3) The host 
is new for parasitic copepods. 

Body. The outline of the body is best seen from Fig. 1, which is drawn 
from a balsam-mounted slide, and in which the specimen is laterally com- 
pressed. The anterior portion of the cephalothorax is at right angles to the 
posterior portion and the trunk. The dorsal carapace is indistinct. There is a 
pronounced rostrum. The trunk is composed of four well-marked segments 
which decrease in size and length antero-posteriorly. This appears to be a 
specific character, as in C. dentatus Wilson the third is much the longest, in 
Kroyer’s poor figure of C. ramosus they are of equal size, and in C. dalmanni 
Retzius the first is much broader while the second is the longest. The abdomen 
is as broad as the last segment of the trunk but only half as long, and bears 
a pair of stout, fleshy, curved, non-setose abdominal appendages (A.A.), 
differing from the small thin ones figured by Kroyer (1863) for C. ramosus and 
C. dalmanni and setose in the latter. The mouth cone (M.C.) bordered with 
setae is very prominent. 

Appendages, Antennules: four-articled, the terminal article which is the 
longest bearing two stout setae, the penultimate article is the smallest. 

Antennae: biramose, one ramus chelate; the other is a pad of spines. 
(Fig. 2.) 

Mandibles: large, dental formula: H1, N1,Z1,H1,Z1,H1, Z1,N4. 
Mandibles have not been previously described in either sex by any author, 
except in C. bicaudatus (Kroyer) by Bainbridge (1909) (as Brachiella pastinaca 
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with which Wilson (1915) agrees, in which they resemble those of Brachiella 
and Lernaeopoda. 


All. 
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Fig. 1. Charopinus schahriar n.sp. 3, in left lateral aspect. A. abdomen; A.A. abdominal appen- 
dages; A. 1, antennule; A. 2, antenna; @.Pl. genital plate; G.Pr. genital process; M.C. mouth 
cone; Mp. maxillipede; Mz. 1, first maxilla; Mx. 2, second maxilla; R. rostrum; Sp. sperma- 

tophorogonium; 7’. testis; V.D. vas deferens. 


First mazillae: biramose, the endopodite tripartite, the expodite a short 
palp with two setae. 

The mazillipedes and second mazillae are both some distance behind the 
mouth-cone and close together; both are large and chelate, and, as is usual in 
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the males of this family, terminate in a claw which shuts down in a socket 
bordered by a pad of spines. In no other known Charopinus male is there such 
a disparity between these two pairs of appendages, the former being roughly 
four times the size of the latter; in C. ramosus they are larger but not twice the 
size, while in C. dalmanni and in other species they are about equal. 

The reproductive system is on the same plan as in Lernaeopoda (Leigh- 
Sharpe, 1930, p. 138, Fig. 1, g.v.), except that the spermatophorogonium lies 
in a longitudinal rather than in a transverse plane, but this may be due to 
compression. 

Remarks. This male most closely resembles that of Charopinus malleus 
(Rudolphi, 1817, MS.) as described and figured by Vogt (1877), except in the 
disparity of the appendages of fixation, taken from the buccal cavity of 


Fig. 2. Charopinus schahriar n.sp. 3. A. 2, antenna; En. endopodite; Ex. exopodite; 
Mn. mandible. 


Torpedo marmorata. It cannot definitely be identified with this species until a 
female is found and because of the rather different host. It is not suitable that 
a new species of a Lernaeopod should be founded upon a male specimen only. 
Nevertheless this animal is not the male of Charopinus dalmanni, C. dentatus, 
C. ramosus or any species commonly known. However there are one or two 
species, e.g. C. bicaudatus in which the male has not been found (though this 
last species does not occur on a ray, but on Squalus acanthias both in England 
and America), and it may prove to be one of them; till then it may be referred 
to the temporary species C. schahriar. 

Specific characters. Rostrum pronounced; dorsal carapace indistinct. 
Abdominal appendages larger than in other species, stout, fleshy, non-setose. 
Trunk of four segments decreasing in size and length antero-posteriorly. 
Maxillipedes huge, about four times the size of the second maxillae. 

The type specimen is deposited at the British Museum. 
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II. Brachiella triglae Claus 1860 


Habitat and record. An adult female specimen was taken on the gills of 
Trigla lineata. This animal resembles a Brachiella profusely covered with 
rounded prominences or knobs. It differs from B. triglae in being bright red 
with the bunches of knobs a pale pink instead of being a pale straw colour as is 
usual with the females of this family. On consulting the original paper of 
Claus (1860) I find the female is not figured, nor has any reliable observer 
attempted to portray it since. The figure of Scott (1913) differs considerably 
from this specimen. The two present specimens in the British Museum re- 
semble it in size and in the presence of knobs, and are black, but are in poor 


Fig. 3. Brachiella triglae. 9, in ventral aspect. A.A., abdominal appendages; B. bulla; Mz. 2, 
second maxillae; Os. ovisacs. 

Fig. 4. Brachiella triglae. 2, in dorsal aspect. Mz. 2, second maxillae; N. enlarged base of neck. 

Fig. 5. Brachiella triglae. 9, in left lateral aspect. Mz. 2, second maxillae; N. enlarged base of 
neck; R. rosette. 


condition. That this specimen may be regarded as B. triglae and not as a new 
species I infer from the typical second maxillae with an elbow bend bearing a 
small dark bulla (Fig. 3), and the presence of a pair of minute abdominal 
appendages with transparent curved apices (Fig. 3). The specimen with 
ovisacs is 6-75 mm. in length, while Scott (1913) states that an adult is 4-5 mm. 
without ovisacs. Scott’s figure is without ovisacs, but that the Roscoff 
specimen is adult is shown by the presence of ovisacs with about 15 ova in 
a row. 

Body. The neck is curled anteriorly and its base in this specimen is much 
enlarged (Fig. 5). The number and disposition of the knobs are seen in Figs. 3, 
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4 and 5, and a rosette of four knobs on the shoulder (Fig. 5) is specially note- 
worthy. 

Remarks. In 1935 I pointed out that Epibrachiella impudica (Nordmann) 
existed under two forms, and collated the observations and conclusions of a 
number of authors, and suggested that this dimorphism might be due to age. 
It appears that in Brachiella triglae there is a similar phenomenon, likewise 
due to age, as both my specimen and the two in the British Museum from 
Plymouth Marine Biological Station are alike in being adult, since they bear 
ovisacs, covered with knobs, and in being appreciably smaller. Moreover I 
possess two much smaller specimens taken at Plymouth in November 1933 on 
the gills of Trigla cuculus with the aforesaid Epibrachiella of which I could 
make nothing at the time, being smooth superficially but having a large 
number of contiguous knobs like a blackberry showing through the smooth 
cuticle. These now prove to be obviously still younger stages of Brachiella 
triglae. In fine, when young this species is profusely knobbed and as it grows 
older the superficies between the knobs becomes apparent and the knobs 
themselves are flattened out. 

Similarly at Roscoff Epibrachiella was taken on the gills of the same 
Trigla lineata as the Brachiella triglae. 
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ERRATA 
Parasitology, 29, 391-2. At the scales to Figs. 1 and 2 for mm. read cm. 


[MS. received for publication 24. v1. 1937.—Ed.] 
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EXO-ERYTHROCYTIC SCHIZOGONY IN PLASMODIUM 
GALLINACEUM BRUMPT, 1935 


By S. P. JAMES, F.R.S. anp P. TATE, Pu.D. 
From the Molteno Institute, University of Cambridge 
(With Plates IV and V) 


Unt recently, it was considered that the species of Plasmodium infecting 
birds had a simple schizogonic cycle which took place solely in red blood 
corpuscles. Recently, however, it has been shown that in some species of 
avian malaria, in addition to the schizogonic cycle which takes place in the 
erythrocytes, schizogony may also take place in leucocytic cells and other 
cells of the reticulo-endothelial system. 

Huff & Bloom (1935) in their work on P. elongatum in canaries, showed that 
schizogony is not confined to erythrocytes but also occurs in cells of the bone 
marrow. They, however, considered that the schizonts invaded only erythro- 
blastic cells and that the condition represented only a precocious invasion of 
immature erythroblasts. Raffaele (1934, 1936, 1937, 1937 a) was the first to 
recognize that in P. elongatum there is a definite schizogonic cycle of develop- 
ment in cells of the reticulo-endothelial system in addition to the cycle in 
erythrocytes. Raffaele (1936 a) also demonstrated that schizogony takes place 
in leucocytes, or endothelial cells, after heavy inoculation of canaries with 
sporozoites of P. relictum. 

James & Tate (1937, 1937 a) found independently that in the case of 
P. gallinaceum of domestic fowls (Gallus gallus) there is a schizogonic cycle in 
reticulo-endothelial cells or monogytes, in addition to the schizogonic cycle in 
the erythrocytes. They also showed that the brain is an important centre for 
the localization of the endothelial stages. Their work was confirmed by 
Brumpt (1937) and Kikuth (1937, 19374). 

Unpublished work by one of us (P. T.) has confirmed Raffaele’s results 
that endothelial schizogony of Plasmodium relictum occurs in canaries which 
have been inoculated with sporozoites. In this work endothelial schizogony 
was observed in birds which were infected by the bites of mosquitoes alone, 
without additional infection by the injection of salivary glands. This work also 
indicates that in sporozoite infections of P. relictum, as is shown to be the 
case for P. gallinaceum in the present paper, the brain may contain endothelial 
schizonts sooner than other organs such as the spleen, liver, lung or kidney. 

Recently Kikuth (1937) and Kikuth & Mudrow (1937) have also confirmed 
Raffaele’s results with P. relictum and have found that similar endothelial 
schizogony occurs in P. cathemerium in canaries. 
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The schizogonic stages which have been described in these species of 
Plasmodium closely resemble the stages in the schizogonic cycle which has long 
been recognized in the endothelial cells of birds infected with species of 
Haemoproteus. According to Ziemann (1937) he was the first to observe endo- 
thelial schizogony in Haemoproteus, as he, in 1898, described schizonts with 
8-20 chromatin masses in leucocytes of the spleen and bone marrow of 
chaffinches in Heligoland (Ziemann, 1898). The endothelial development of 
Haemoproteus appears first to have been described fully by Aragio (1908) for 
H. columbae of pigeons; and his results were confirmed and extended by Adie 
(1924) and Wenyon (1926). Aragao (1911) later described and illustrated 
schizogony in leucocytes of birds infected with Haemogregarines of which he 
thought they were schizogonic stages. Later workers, however, including 
Hoare (1924) and Wenyon (1926), considered that the schizogonic forms 
described by Aragio (1911) were really Toxoplasma. 

Anschiitz (1909, 1910) described a schizogonic cycle in Haemoproteus 
orizivorae of Java sparrows (Muna orizivora) very similar to that described 
for Haemoproteus columbae, but he was obviously dealing with birds which also 
harboured a plasmodium, since described by Brumpt (1935 a) as Plasmodium 
paddae, and consequently he confused stages of two distinct parasites and 
thought that schizogony in Haemoproteus orizivorae sometimes occurred in red 
blood corpuscles. 

The characteristic feature of the endothelial stages of development of the 
various avian malarial parasites is that they develop in cells other than 
erythrocytes and, consequently, owing to the absence of haemoglobin, they 
never form pigment. They grow much larger than schizonts in erythrocytes 
and form very numerous merozoites, 50-60 or more in the case of Plasmodium 
gallinaceum. As will be shown later, they may infect various cells of the reticulo- 
endothelial system as well as circulating leucocytes, especially monocytes. It 
is convenient to have a general term which covers all these stages, whether 
they are situated in monocytes or in fixed cells of the reticulo-endothelial 
system, and which serves to distinguish them from schizogonic stages in the 
red blood corpuscles. It is suggested that the term exo-erythrocytic (i.e. 
elsewhere than in erythrocytes) is a simple and descriptive term for such 
stages and it will be used throughout this paper, for the sake of brevity, when 
it is required to refer in a general manner to the stages which occur in cells 
(whatever their nature) other than erythrocytes. The terms usually used, 
endothelial or reticulo-endothelial stages, are not satisfactory because there 
is great disagreement among authors as to whether some types of cells are 
endothelial or not. Sometimes these terms are restricted to “fixed” cells, 
which, if they become free, are called leucocytes. Similarly some authors 
consider monocytes to derive extravascularly from lymphoblastic tissue, 
whereas others regard them as cells derived from the reticulo-endothelium. 
Again, in the case of Haemoproteus, although it is generally admitted that in 
the early stages of acute infections the schizonts are localized in leucocytes or 
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reticulo-endothelial cells, as the infections become chronic the infection of these - 


cells diminishes and in chronic infections of long standing it is not known in 
what cells, or organs, schizogony is localized (Brumpt, 1937). Thus it would 
seem best to apply the non-committal term exo-erythrocytic to include 
schizogony in leucocytic, reticulo-endothelial or other cells, and so to dis- 
tinguish such stages from erythrocytic schizogony which occurs in red blood 
corpuscles. 

In the present paper it is intended to give a brief general account of the 
structure, development and localization of the exo-erythrocytic schizogonic 
stages of Plasmodium gallinaceum and to compare the results with those 
obtained by other workers for other species of Plasmodium and for Haemo- 
proteus. Details of experiments, and the discussion of the importance of the 
exo-erythrocytic cycle as regards chemotherapy and the relation of these 
stages to sporozoite development will be reserved for another paper. 


METHODS 


For routine examinations, dry smears were made from the organs and, 
after fixation in methyl alcohol, they were stained with Giemsa’s eosin 
methylene blue. Better preparations are made by “dabbing” the slides on 
freshly cut surfaces of the organs than by the usual method of smearing. 

Material for sectioning was fixed in Duboscq-Brazil fixative, or Zenker’s 
solution with formalin and was embedded in paraffin wax or in celloidin. The 
sections were stained with Mayer’s haemalum, Delafield’s haematoxylin, 
picro-indigo-carmine, Heidenhain’s iron haematoxylin and Giemsa’s eosin- 
methylene blue. The first two stains gave the best results. 


THE OCCURRENCE AND LOCALIZATION OF THE EXO-ERYTHROCYTIC 
SCHIZOGONY IN FOWLS 


The exo-erythrocytic stages of Plasmodium gallinaceum were most 
regularly obtained when young fowls, not older than 6 weeks, were used for 
the experiments. As far as possible the experimental birds were all of the same 
strain of White Leghorns. Exo-erythrocytic stages were not regularly found 
when old birds were used. There is great irregularity in the period of infection 
during which the exo-erythrocytic stages are developed but, in general, they 
seem to be rare during the very acute period of infection of the peripheral 
circulation. 

The exo-erythrocytic schizonts were first found to be numerous in birds 
(infected either by blood inoculation or by the bites of mosquitoes), of which 
the peripheral blood had been cleared of parasites by treatment with quinine. 
Some of these treated birds died a week or two after remission of the 
peripheral infection when the blood showed few or no parasitized corpuscles. 
These birds usually showed a great degree of pericardial effusion and the heart 
was enclosed in a large sac of pericardial fluid. Smears from the organs revealed 
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a heavy infection with exo-erythrocytic stages, especially in the spleen, liver 
and kidneys. The fact that many of these birds showed evidence of general 
paralysis for a few days before death suggested that the central nervous system 
was involved. Examination of the brains of such paralysed birds proved that 
there was a great development of exo-erythrocytic schizonts in the capillaries 
of the brain. In severe cases most of the capillaries were blocked for the greater 
part of their length with masses of schizonts or aggregations of fully formed 
merozoites. 

When birds of the same age were inoculated at the same time by the bites 
of infected mosquitoes and one bird was killed each day after inoculation, exo- 
erythrocytic stages could not be found before parasites appeared in red blood 
corpuscles in the peripheral circulation. Parasites usually appeared in erythro- 
cytes in the peripheral circulation 6-9 days after inoculation. When birds were 
killed on the first day upon which infected erythrocytes were found in the 
peripheral blood, exo-erythrocytic schizonts were always found upon post- 
mortem examination. On the other hand, exo-erythrocytic stages were never 
found when birds were killed and examined before parasites were present in 
erythrocytes in the peripheral blood. It was also found that when birds are 
killed in the early stages of infection the brain is the earliest organ to contain 
exo-erythrocytic schizonts, and the brain capillaries may be heavily infected 
while the spleen, liver, lungs, kidneys and heart are still negative. 

When the exo-erythrocytic stages are found in birds during acute infections 
or relapses, the degree to which the various organs are involved is very variable. 
The brain and spleen are the organs most commonly infected, next come the 
liver, kidney, heart, lung and, lastly, the bone marrow. Rarely schizonts are 
found in leucocytes in the peripheral circulation. The degree of infection of the 
individual organs may vary from a few scattered schizonts to massive infec- 
tions in which large masses of schizonts are present and the majority of the 
host cells in some regions of the organs are invaded. 


PossIBILITY OF MIXED INFECTIONS 


The possibility must be taken into consideration that the stages described 
as exo-erythrocytic development of P. gallinacewm are stages in the develop- 
ment of another parasite such as Toxoplasma. However, consideration of the 
following points makes such an occurrence most improbable. First, these 
stages have never been found in fowls not infected with Plasmodium galli- 
naceum. Further, since they occur in birds inoculated both by blood and by 
the bites of mosquitoes, it follows that if another parasite than P. gallinaceum 
were present, it must have the same vector (Aédes aegypti) and approximately 
the same cycle of development in the vector, which is most unlikely. The 
possibility that the experimental birds harboured a pre-existing infection with 
another parasite is almost precluded by the fact that most of them were 
obtained as “day-old” chicks and were reared in the laboratory away from 
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contact with any other birds. These facts together render the possibility of - 


mixed infections most remote, but to give final proof that mixed infections 
were not present, the following experiment was made. 

Four young fowls which had been hatched in an incubator in the laboratory 
and bred “ Protozoa-free”’ were kindly given to us by Dr Ann Bishop. These 
birds had been hatched from carefully washed eggs and were reared in a 
previously unused brooder in a carefully screened insect-proof house. They 
were given only sterilized water and all the food was sterilized, except for the 
addition of a small quantity of cod-liver oil to supply essential heat-labile 
vitamins. These four birds were infected by the bites of mosquitoes when they 
were 6 weeks old. One bird was killed on the ninth day after infection, when 
30% of the erythrocytes were infected, and exo-erythrocytic schizonts were 
found in the capillaries of the brain but not in the spleen, liver, lung or kidney. 
The second bird was given quinine (40 mg.) for 7 days after inoculation and 
was killed on the eighth day, when 10 % of the erythrocytes contained, mostly 
degenerate, parasites. Exo-erythrocytic schizonts were present in the 
capillaries of the brain but not in the other organs. The third bird was also 
killed on the eighth day after inoculation and in it exo-erythrocytic schizonts 
were present in the capillaries of the brain but not in the other organs. The 
fourth bird was given a long course of quinine treatment (13 doses, each of 
42-5 mg.) and after a mild attack of malaria it recovered and is still alive. 


STRUCTURE, DEVELOPMENT AND LOCALIZATION OF THE EXO-ERYTHROCYTIC 
STAGES 


First the exo-erythrocytic stages will be described as they appear in dry 
smears or films stained by Giemsa’s method. 

In dry preparations the schizonts are usually free from the host cells and 
are frequently ruptured or distorted, but in favourable specimens they may be 
seen within host cells, and, when the parasite is small, the type of cell infected 
may still be recognizable. The infected cells recognizable in dry preparations 
mostly appear to be monocytes, but, as will be shown later, other cells of the 
reticulo-endothelial system, such as endothelial cells and giant cells, are also 
parasitized. 

The youngest stages seen, of which at least two may occur in one host cell, 
appear as small, ovoid bodies with a single large irregularly shaped chromatin 
mass which is surrounded by cytoplasm which stains a deep blue (Fig. 1). As 
the parasite grows the chromatin divides until the cytoplasm contains many, 
mostly roughly triangular, chromatin masses (Figs. 2-5). Meanwhile, the 
schizont divides into a number of separate bodies, or cytomeres, towards the 
surface of which the chromatin masses become arranged (Figs. 10, 12). The 
cytomeres send off numerous radiating digitiform processes at the distal end 
of each of which there is a chromatin mass (Fig. 10). The distal end of each 
of the processes is ultimately-abstricted to form a merozoite. Each merozoite 
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has a comparatively large angular, or anvil-shaped, mass of chromatin and a 
scarcely discernible amount of cytoplasm (Figs. 8-10). 

During growth of the parasite, the host cell becomes more and more 
distended (Figs. 2-5) and its nucleus is first pushed to one side and then com- 
pressed (Fig. 6) by the growth of the parasite. Finally the host nucleus 
degenerates and either disappears completely or only traces of it remain. The 
host cell is then almost completely filled with a mass of merozoites more or less 
completely formed around the vestiges of the cytoplasm. 

In dry smears or films the mature schizont is usually devoid of any trace of 
the original host cell (Fig. 7). In favourable specimens, however, it may be 
seen to be enclosed in a definite, though fine, membrane, which stains a reddish 
tinge and resembles that described by Aragio (1908) and Anschiitz (1909) as 
the “cyst” wall of Haemoproteus schizonts (Figs. 8c. and 9). The final stage 
appears as a mass of 50-60, or more, merozoites enclosed in a sac-like membrane, 
and at this stage practically all trace of the cytoplasm of the schizont has 
disappeared. It is possible that the sac-like membrane is the remains of the 
host cell of which both nucleus and cytoplasm have been completely de- 
stroyed. 

The size of the schizonts appears to be limited only by the type of host cell 
invaded. In capillaries of the brain great elongated masses containing hundreds 
of merozoites may be seen completely blocking the greatly distended capillary 
for considerable distances and even sending branches into side capillaries 
when junctions occur in the infected region. Probably such masses are formed 
by the development of a number of schizonts one behind another in the 
capillary, the demarcation between the individual schizonts disappearing as 
growth increases. In Fig. 11 a capillary is shown blocked by three developing 
schizonts, and in this specimen the distension of the capillary by the growth of 
the schizonts is well shown. It can easily be understood how, by further growth 
and the formation of numerous merozoites from each schizont, the whole 
region of the capillary would become blocked with a mass of merozoites, 
producing a condition such as is shown in Fig. 12. In this specimen vestiges 
of the cytomeres are still visible. 

The number of merozoites developed in different schizonts may vary 
greatly. Some schizonts form only about 30 merozoites (Fig. 8) and others 
form as many as 55 (Fig. 9) or even more. It is also noticeable that some 
schizonts stain a very pale blue and have much chromatin whereas others 
have very densely staining cytoplasm and comparatively little chromatin. 
These two types of schizonts were described by Aragio (1908) and by Anschiitz 
(1910) in their work on Haemoproteus, and were interpreted by them as repre- 
senting forms which gave rise to male and female gametocytes; schizonts with 
pale cytoplasm forming merozoites which developed into male gametocytes 
and schizonts with dense cytoplasm forming merozoites which developed into 
female gametocytes. Recently Kikuth (1937) has also described the two 
types of schizonts in the endothelial stages of Plasmodium gallinaceum. 
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Although the general distribution of the exo-erythrocytic schizonts can be 
most readily studied in dry smears stained by Giemsa’s method, it is only by 
careful study of sections of the organs that the exact development and location 
of the schizonts can be determined. 

Unfortunately it is almost impossible to recognize very young stages in 
sections and it is only the well-grown schizonts with many chromatin masses 
that can be recognized with certainty. The most suitable tissues for studying 
the development of the schizonts are the spleen and liver. 

In most cases where the infection is heavy the host tissue is interspersed 
with large masses of contiguous schizonts in which it is difficult to determine 
the limits of the individual parasites, or to see what relation they bear to the 
cells of the host tissue. However, careful study of sections leaves no doubt 
that development of the schizonts frequently takes place within fixed endo- 
thelial cells and that exo-erythrocytic schizogony is not confined to circulating 
leucocytes. 

In the part of a section of a spleen shown in Fig. 13 a fully developed 
schizont (S.) is seen in a very much enlarged host cell which has obviously 
become detached from the endothelium lining the sinus in which it lies. In 
this particular specimen the manner in which the cytoplasm of the schizont 
has broken up into four cytomeres (m.) is well shown, and the manner in which 
the merozoites are found in regular peripheral rows on the surface of the 
cytomeres can be seen clearly. 

In liver sections also the growth of schizonts within fixed reticulo-endo- 
thelial cells can be observed. In Fig. 14 a nearly mature schizont (S.) is 
shown occupying a greatly distended littoral cell lining a venous sinusoid (v.). 
The nucleus of the littoral cell is still recognizable although it is much deformed 
and degenerating (n.h.c.). In Fig. 15, from another liver section, a large 
schizont (S.), perfectly normal and showing no evidence of being phagocytized, 
is seen within a fixed macrophage, or Kupffer cell (K.c.), in a venous sinusoid. 

In the lungs which have been sectioned the infection has been so intense 
and the infiltration of the lung tissue so great, that the histology of the infected 
cells is obscured in most cases. In Fig. 16, however, a portion of a section of a 
lung is shown in which a large schizont (S. 1) occupies a cell lining an alveolus. 
The remains of the nucleus of the host cell are still visible (n.h.c.). Other 
schizonts of varying stages of development within cells bordering sinuses are 
shown at S.2, 8.3 and S.4, and, finally, there is a small schizont in an 
endothelial cell of a venule shown at S. 5. 

In the brain schizonts appear to be confined to the capillaries, where they 
form elongated masses filling and distending the vessels and even branching 
into side capillaries. It appears from section that these long masses are com- 
posed of several schizonts in a row. In the schizonts in the capillaries it can 
also be seen that the merozoites are developed in peripheral layers around 
cytomeres (Fig. 17, S.). In transverse sections of such elongated schizonts in a 
capillary it can be seen that the cytoplasm, besides being broken up trans- 
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versely into cytomeres, is divided longitudinally into a number of involuted 
layers, and thereby the surface area for the formation of merozoites is greatly 
increased. This involuted structure of a schizont is well shown in the section 
of a capillary represented in Fig. 18, S. in which it can also be seen that the 
schizont has developed within an endothelial cell of which the nucleus (n.e.c.) 
alone remains. The arrangement of the numerous chromatin masses towards 
the surface of the involuted layers of cytoplasm is also clearly shown. 


Discussion 


From the foregoing account it is clear that in Plasmodium gallinaceum, in 
addition to the schizogony which occurs in red blood corpuscles, schizogony 
may also occur in other host cells, that is, there is both erythrocytic and 
exo-erythrocytic schizogony. The structure and development of the exo- 
erythrocytic schizonts is very similar to that which has been described for 
species of Haemoproteus by Aragio (1908) for H. columbae and by Anschiitz 
(1909) for H. orizivorae. These authors, however, considered that initially 
infection was always of leucocytes of the blood stream and that fixation in 
organs such as the lungs was a secondary phenomenon caused by the embolism 
of the parasitized and enlarged leucocytes in the capillaries. In the case of 
Plasmodium gallinaceum we have demonstrated that this is not necessarily the 
case, although it may be an important feature in the development of the 
infection, and that infection and development of schizonts may occur in fixed 
cells of the reticulo-endothelial system such as endothelial cells of capillaries, 
Kupffer cells of the liver, and cells lining venous sinuses in lungs, spleen or liver. 
Consequently, the term “‘exo-erythrocytic”’ has been given to all these stages 
of schizogony which occur in various types of fixed or free cells, other than the 
red blood corpuscles. 

Similar exo-erythrocytic schizogony has been observed in other malaria 
parasites of birds. In P. elongatum by Huff & Bloom (1935) and by Raffaele 
(1936), in P. relictum by Raffaele (1936 a), by Tate, by Kikuth (1937) and by 
Kikuth & Mudrow (1937) who have also observed these stages in P. cathe- 
merium. It is curious, however, that although in the case of P. gallinaceum, 
P. elongatum and P. cathemerium exo-erythrocytic schizogony has been found 
after both blood inoculation and infection by sporozoites, up to the present 
these stages have been found in P. relictum only after very heavy infection 
with sporozoites. The possible significance of this difference in connexion with 
the development of sporozoites after their entrance into the vertebrate host 
will be discussed in another paper. 

Recently Missiroli (1937) in view of the occurrence of “endothelial” 
schizogony in P. elongatum and P. gallinaceum has suggested separating these 
parasites from other species of Plasmodium and forming the special group 
Istiocytozoon for them. However, as similar stages have been demonstrated 
also in P. relictum and P. cathemerium, it is possible that further knowledge will 
show that such stages occur, but in varying degrees of frequency, in yet other 
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species of Plasmodium. If so there would be no real basis for the proposed 
separation. On the other hand, it seems that the definition of the families 
Plasmodiidae and Haemoproteidae requires some modification. The essential 
difference between the two families as regards the cycle in the vertebrate host 
would appear to be that in the Haemoproteidae schizogony is purely exo- 
erythrocytic whereas in the Plasmodiidae schizogony is either confined to red 
blood corpuscles or it is both erythrocytic and.exo-erythrocytic. 


SUMMARY 


In Plasmodium gallinaceum, parasitic in domestic fowls, in addition to the 
schizogony in red blood corpuscles, schizogony also occurs in monocytes and 
cells of the reticulo-endothelial system. This schizogony in cells other than 
erythrocytes may be termed, for convenience, exo-erythrocytic schizogony. 

Exo-erythrocytic schizonts are characterized by never having malarial 
pigment (as they live in cells devoid of haemoglobin), by growing to a large 
size and forming numerous merozoites, up to 50 or 60 or even more. 

Exo-erythrocytic schizonts are not confined to leucocytes of the blood 
stream, but can also develop in fixed endothelial cells of organs such as the 
brain, lung, liver and spleen. 

The brain is an especially important focus of development and, after 
sporozoite infection, it is the first organ in which exo-erythrocytic schizonts 
develop. These schizonts may be found in capillaries of the brain as soon as 
parasitized erythrocytes are present in the peripheral circulation, but as yet 
they have not been found before parasites are present in the peripheral blood. 

In the brain rows of schizonts may develop and ultimately occlude most of 
the capillaries in the brain. This blockage of capillaries results in symptoms of 
general paralysis in the infected birds and death follows in a few days; and it 
frequently occurs in birds which apparently have been cured of the peripheral 
infection by treatment with quinine. 

The exo-erythrocytic stages of P. gallinaceum occur in birds which have 
been inoculated with blood or with sporozoites. 

During growth, the body of the schizont breaks up into a number of masses 
or cytomeres,, on the periphery of which the merozoites are developed on 
regularly arranged rows of digitiform processes. A mass of chromatin migrates 
to the distal end of each process and is cut off to form a merozoite. 

The mature schizont consists of a mass of irregular merozoites enclosed in a 
sac-like membrane which may be the remains of the host cell. The merozoites 
are composed almost entirely of chromatin and when they are fully developed 
practically no cytoplasm of the schizont remains. 
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EXPLANATION OF PLATES IV AND V 


Key to lettering of figures 
c. “‘eyst”’ or membrane surrounding mature merozoites. 
K.c. Kupffer cell of liver (fixed macrophage). 
Le. liver cells. 
m. cytomere or one of the divisions of a schizont around which 


the merozoites are formed. 
n.e.c. nucleus of endothelial cell. 
n.h.c. nucleus of host cell. 
p. malarial pigment. 


ph. phagocytic cell containing malarial pigment. 
r.b.c. red blood corpuscles. 


8. schizont. 

8. young exo-erythrocytic parasite. 
sp.c. _ spleen cells. 

v. venous sinusoid. 


PLATE IV 


1. Monocyte, in a lung smear, infected with two very young parasites of P. gallinaceum. 
(Stain: Giemsa.) 
2. Monocyte, in smear from liver, with a growing schizont showing 2 chromatin masses. 
(Stain: Giemsa.) 


Fig. 3. Monocyte, in a liver smear, showing a growing schizont with 3 chromatin masses. (Stain: 
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Giemsa.) 

4. Monocyte, in a lung smear, showing a growing schizont at a later stage than Fig. 3. 
(Stain: Giemsa.) 

5. Monocyte, in liver smear, infected with a large schizont containing 14 chromatin masses, 
one of which appears to be dividing. (Stain: Giemsa.) 

6. Monocyte, in a lung smear, containing a large schizont with about 25 chromatin masses, 
some of which appear to be dividing. The nucleus of the monocyte is compressed and 
distorted by the growth of the parasite. (Stain: Giemsa.) 

7. Large schizont free in lung smear. There are about 30 masses of chromatin most of which 
appear to be dividing. (Stain: Giemsa.) 

8. Small mature schizont, containing about 30 merozoites, free in lung smear. In this 
specimen the merozoites are enclosed in a sac-like membrane (c.) which may be remains of the 
host cell. (Stain: Giemsa.) 

9. Large mature schizont, containing about 55 mature merozoites, free in lung smear. The 
merozoites are enclosed in a fine membrane which may be the remains of the host cell. (Stain: 
Giemsa.) 

10. Portions of broken schizonts in lung smears. They show the manner in which the 
merozoites are developed on peripheral digitate processes from cytomeres. (Stain: Giemsa.) 
11. Smear from the brain showing a capillary blocked by 3 large schizonts (S. 1, S. 2, 8. 3). 
(Stain: Giemsa.) 

12. Smear from the brain showing a capillary blocked with a great mass of mature merozoites 
surrounding the remains of the cytomeres (m.). A very young schizont is also present (s.). 
(Stain: Giemsa.) 


PLATE V 


13. Portion of section of a spleen showing a large schizont (S.) in a detached endothelial cell 
of a venous sinus. The arrangement of the merozoites around cytomeres (m.) is well shown 
and the degenerate nucleus of the host cell (n.h.c.) is still visible. Many of the other cells 
contain masses of malarial pigment (p.). (Stain: Giemsa.) 
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Figs. 1-12. 
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Fig. 14. Section of liver showing a large schizont (S.) in an endothelial cell lining a venous sinusoid 
(v.). The nucleus of the host cell (n.h.c.) is distorted and forced to one end of the cell. Portion 
of a phagocytic cell containing ingested malarial pigment is also shown (ph.). (Stain: 
haemalum.) 

Fig. 15. Section of liver showing a large schizont (S.) in a fixed macrophage, or Kupffer cell (K.c.). 
(Stain: haemalum.) ; 

Fig. 16. Section of lung, showing a large schizont (S.1), in a cell lining an alveolus. Other: 
schizonts are shown at S. 2, 8.3, S.4 and S.5. (Stain: haemalum.) 

Fig. 17. Section of brain showing a capillary blocked with a great mass of developing merozoites, 
which surround the remains of the cytomeres from which they arose. (Stain: Delafield’s 
haematoxylin.) 

Fig. 18. Transverse section of a capillary in the brain showing a large schizont in cross-section. 
The nucleus of the endothelial cell (n.e.c.) in which the schizont is growing is still present. The 
involuted layers of the cytoplasm of the schizont (S.) are well shown. (Stain: Delafield’s 
haematoxylin.) 

Magnification. Figs. 11, 12 and 17, Scale A. All the remaining figures, Scale B. 


4 
| 
fee 
Me 
d 
i 
4 
b 
- 
q 
4 
j 
4 
4 
‘4 
2 


